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Calculation of Friction Loss 
in a Multiple Loop Header System 


By Max W. Benjamin* 








MONG the many perplexing 
problems involved in the 
design of piping systems the 


question of friction loss is one of 
considerable importance. 


Factors Which Influence the 
Lay-out 


It happens frequently that sev- 
eral possible lay-outs will be made 
and the choice of the design depends 
upon many factors such as ability 


In choosing one of several possible 
lay-outs of a steam piping system, 
the determination of pressure loss 
plays an important role. The lay- 
out may be perfectly satisfactory so 
far as stress considerations and 
operating reliability are concerned, 
but if pressure losses are large, 
changes in pipe sizes or lay-out 
will be required. 

In this article the method of com- 
puting pressure losses in multiple 
loop header svstems is shown and 


to operate satisfactorily under 
various emergency conditions, flex- 
ibility for the accommodation of 
thermal expansion without undue 
stress, velocity of flow and friction 
loss, and first cost. Consideration 
of stress and operating reliability 
are of primary importance, but it 
sometimes occurs that a system 





demonstrated 
by the lay-out 
atDelray No.3. 
Particular at- 
tention is given 
to loss through 
fittings. 














which is satisfactory in those re- 
spects will result in pressure losses 
so large that changes in pipe size 
or lay-out or both will be needed. These changes in turn 
influence the first cost and expansion characteristics. 

\n illustration of these conditions is given by the 
design of the main steam piping in Delray power house 
No. 3 of The Detroit Edison Company. In this particu- 
lar case the allowable pressure drop over the system is 
limited by the maximum working pressure of the boilers. 
That is, at the boiler end, any increase in pressure de- 
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mands an increase in drum thickness and expensive de- 
sign changes, while at the turbine end a decrease in 
pressure below 375 lb. gage the throttle results in in- 
creased turbine heat consumption. It thus became nec- 
essary te check each lay-out for pressure drop. The 
system finally chosen is represented by the isometric 
diagram of Fig. 1 and consists of 16-in. 400-lb. A.S.A. 
pipe and 600-lb. A.S.A. fittings throughout, with the 
exception of the boiler leads, which are 12-in. 400-Ib. 


A.S.A. pipe with 600-lb. A.S.A. fittings. 
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Pressure Loss Through Fittings 


Attention is directed to the large number of valves and 
fittings used in this lay-out, for here is one of the most 
important items of the whole problem, since large fric- 
tion losses occur in them. Some interesting data on the 
flow of steam through 14 in. x 16 in. x 16 in. tees at 
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of equivalent resistance according to Foster’s formula 
are given in Table 1. 

Calculation of Pressure Loss 


After deciding on the assumption of the equivalent 
length of the fittings, the total equivalent length between 
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Fic. 1—Isometric DRAWING OF THE PipiInGc At DetrAy No, 3 


Delray P. H. 3 are available. These data have been 
developed along the lines of tests at the University of 
Miinchen and are given in the appendix. They are not 
helpful in this instance, however, because similar data 
on other branched fittings cannot be found, and since 
nearly all of the fittings used in this particular system 
are special castings. It was necessary, therefore, to 
make some assumptions concerning the pressure loss 
through these fittings. These assumptions are as to the 
lengths of straight pipe which would result in the same 
friction losses as are caused by the fittings. 

In the case of such fittings as tees and Y’s, it has been 
found convenient, although not strictly accurate, to 
assign some equivalent length from the intersection of 
the branches to each flange, and to use such lengths as 
constants irrespective of the amount or-direction of flow 
through the individual branches. The inaccuracy of this 
assumption results from neglect of such factors as 
aspirator action in the case of mixed flow, and “bull 
head” action in the case of divided flow. Foster’s 
formula’ for equivalent length was used for standard 
fittings, and for the special fittings a value of 75 ft. from 
the intersection to each flange was assigned, which 
seemed reasonable in the light of tests of somewhat 
similar fittings at the Trenton Channel plant. Views of 
the special five-way fittings are shown in Fig. 2. Values 


'4. S. M. E. Transactions, Vol. 42, p. 648, 1920 
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intersections of the header is calculated and indicated 
on a schematic diagram. For the Delray system the dia- 
gram is as shown in Fig. 3. With this diagram the 
calculation of pressure loss can be carried out for any 
desired condition of operation. A method of solving 
such a problem can best be given by an example. 

For a sample problem assume the following condi- 


tions : 

1. No. 11 main unit and auxiliaries not operating. 

2. Boilers 9 and JJ not operating. 

3. Rated load on main turbines 12, 13, 14, 15, 16 and 17. 
Steam for each main unit and auxiliaries = 582,620 Ib. 
per hr. 

4. All boilers except 9 and J] steaming at 349,570 Ib. per 

hr. each, 


It is desired to know what pressure drop will exist in 
the header system. (The calculation of pressure drop 
in the boiler leads and turbine leads is a simple friction 
loss problem. ) 

The calculation of the loss over the header system 1s 
a trial-and-error process, based on one fundamental 
fact—that a flow of steam is accompanied by a drop in 
pressure, the direction of flow being toward the lower 
pressure region. 

The use of Fritzsche’s formula for the flow 0! 
superheated steam at high velocities is recommended for 
use in this type of problem. For different steam condi- 
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Fic.2—Two Views 
oF No. 13 FirtinGin 
THE MAIN STEAM 
Line. Apove, Fac- 
ING West. BELow, 
FacineG East. 


for different fluids 
(such as water, oil, or air) 


tions or 





other formulas should be 
used. Fritzsche’s formula 
equates pressure loss and 
flow as follows: 

0.8 LF” 

p=— 
a 

where 


p=pressure loss in lb. per 
sq. in. 

L = equivalent length of line 
in ft. 

F = weight of steam flowing 
in Ib. per sec. 

y = average density of steam 
in lb. per cu. ft. 

d = internal diameter of pipe 
in inches 

Since any very extensive system requires many solu- 
tions of the formula it will be found most convenient to 
plot a curve of the above relation, using a scale suf- 
ficiently large to allow of pressure drop readings to one- 
hundredth of a pound per square inch. Such a curve is 
shown in Fig. 4, though, of course, this reproduction 
‘annot be read with the required accuracy.” 

In examining the lay-out for a starting point, it is 
reasonable to assume that boiler pressures in the back 
ow will be higher than those in the front row because 
the steam will flow from the back row toward the front 
row and, because the back row is delivering six-tenths 


* To be strictly correct a family of curves should be constructed, cover 
g the densities corresponding to various pressure in the pressure drop 
nge. Actually, however, this is an unwarranted refinement, especially 
the total pressure drop over the system is small relative to the working 
ressure, 
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of the total steam. 


It also is noted that in general the 
steam will flow from the left to the right in Fig. 3. In 
all probability then, the highest pressure in the header 


will be at point O. By the same arguments it would 
appear that the lowest pressure in the header will be at 
M. Now if the steam flows from O to P and O to N are 
properly selected the pressure calculated from point M 
will be the same when going around the back header 
as when going around the front header. This must be 
true, for otherwise at some point in the system the steam 
would begin to recirculate. 
in the following calculation of the first trial. 

First Trial: For the first trial, assume the pressure 
at O == 405.80 Ib. per sq. in. and flow O to 
B = 45,000 Ib. per hr. The pressure drop from O to 


This point is made obvious 
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Drop B to C = 1.55 & 1.14= 1.77 Ib. per sq. in. 

Pressure at C = 405.7 — 1.77 = 403.93 lb. per 
sq. in. 

Flow O to P = 349,570 — 45,000 = 304,570 Ib. 
per hr. 

Drop O to P = 1.52 X 0.70 = 1.07 Ib. per sq. in. 

Pressure at P = 405.80 — 1.07 = 404.73 Ib. per’ 
sq. in. 

Now the pressure at P is greater than that at C 
and there must be a flow of steam from 
PtoC 

Pressure drop P to C = 404.73 — 403.93 = 0.80 
Ib. per sq. in. 

Pressure drop per 100 it. P to C = 0.80 + 2.07 
= 0.39 Ib. per sq. in. 

From Fig. 4: Flow from P to C = 220,000 Ib. 
per hr. 


Flow C to D = 394,570 + 220,000 — 582,620 = 31,950 Ib. per 


” «Air Conditioning 
Taste 1—EguivaLent Resistance or Firtines, Foster’s FormuLA 
oe 
| g i824 | 3 
. S. |45 | Se] & E : ei 
a | Seti a | = | 8 ge | s 
<8 = 7 =, af ef to — ° | 8 Oo = 
He Es | & | 83 dig] geil & | 88 | we | § 
<a § 24 xe o> Ss |ste| &2 < om CF <r) 
Resistance Factor: 0.25 0.33 0.42 0.67 0.90 1.00 1.33 2.00 
250 12 | 12.00 | 1.00 10.9} 14.4] 18.4] 28.8] 39.4] 43.7 | 57.6 | 87.4 
14 | 13.19 | 1.12 12.3} 16.2; 20.6/| 32.4| 44.1] 49.0) 64.8] 98.0 
16 | 15.06 | 1.312] 14.4] 19.0] 24.1] 38.0] 51.7] 57.4) 76.0] 114.8 
18 17.00 | 1.519 | 16.6 | 21.9} 27.9] 43.8] 59.8] 66.4) 87.6 | 132.8 
20 18.88 | 1.722} 18.8} 24.9} 31.6| 49.8 |.67.8 | 75.3 | 99.6 | 150.6 
24 | 22.75 | 2.154) 23.6) 31.1] 39.5] 62.2 | 84.8] 94.1 | 124.4 | 188.2 
400 12 11.75 | 0.973 | 10.7] 14.1} 17.9] 28.2) 38.4] 42.6| 56.4] 85.2 
14 13.00 | 1.103 | 12.1 15.9 | 20.3) 31.8 | 43.5 | 48.3 | 63.6| 96.6 
16 14.94 | 1.300; 14.2) 18.8; 23.9] 37.6| 51.2] 56.9] 75.2 | 113.8 
18 16.81 | 1.498 | 16.4] 21.6) 27.5} 43.2) 59.0] 65.5 86.4 | 131.0 
20 | 18.75 | 1.706 | 18.6 | 24.6| 31.4] 49.2] 67.2] 74.6 | 98.4 | 149.2 
24 | 22.50| 2.125] 23.3] 30.7| 39.1] 61.4] 83.7] 93.0 | 122.8 | 186.0 
600 12 11.50 | 0.950 | 10.4] 13.7] 17.4] 27.4] 37.4] 41.5] 54.8] 83.0 
14 12.69 | 1.069 | 11.7} 15.4] 19.6| 30.8} 42.1 | 46.7] 61.6] 93.4 
16 14.50 | 1.254} 13.7; 18.1] 23.1] 36.2} 49.4| 54.9| 72.4 | 109.8 
18 16.38 | 1.450} 15.9; 21.0} 26.6 | 42.0] 57.1 63.4 | 84.0 | 126.8 
20 18.19 | 1.643 18.0 | 23.7 | 30.2} 47.4] 64.7 | 71.9} 94.8 | 143.8 
24 21.94 | 2.061 22.6; 29.8; 37.9; 59.6; 81.3 | 90.2 | 119.2 180.4 
900 12 11.00 | 0.900 9.9; 13.0; 16.6] 26.0} 35.5] 39.4] 52.0 78.8 
14 12.13 | 1.012 11.1 14.6 | 18.6] 29.2] 39.9| 44.3] 58.4] 88.6 
16 13.94 | 1.196 | 13.1 17.3 | 22.0) 34.6] 47.1] 52.3 | 69.2 | 104.6 
18 15.69 | 1.378 15.1 19.9 | 25.3) 39.8] 54.3] 60.3 | 79.6 | 120.6 
20 17.44 | 1.565 | 17.1 22.6 | 28.8) 45.2) 61.6] 68.5 90.4 | 137.0 
24 | 21.00/ 1.956} 21.4] 28.2| 35.9| 56.4! 77.0| 85.5 | 112.8 | 171.0 
Le = 43.7 rd’? 
Le = equivalent length of straight pipe, ft. 
r = resistance factor hr. 
d internal diameter of fitting, ft. 


B = 5.09 & 0.02 = 0.10 Ib. from the curve of Fig. 4 
and the number of hundred feet equivalent length from 
O to B. 


Then 


Pressure at B = 405.70 lb. per sq. in. 
Flow B to C = 45,000 + 349,570 = 394,570 Ib. per hr. 
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DIAGRAM, CALCULA- 
TION OF Pressure Loss 
Can Be Carriep Out 
rok ANY Desirep Con- 
DITION OF OPERATION 





Drop C to D= 1.55 & 0.01 = 0.02 Ib. per sq. in. 
Pressure at D = 403.93 — 0.02 = 403.91 Ib. per sq. in. 


Flow D to E = 31,950 + 349,570 = 381,520 Ib. per hr. 
Drop D to E = 1.55 X 1.07 = 1.67 Ib. per sq. in. 
Pressure at E = 403.91 — 1.67 = 402.24 Ib. per sq. in. 


Flow P to OQ = 304,570 — 220,000 = 84,570 Ib. per hr. 
Drop P to Q = 1.52 & 0.07 = 0.11 Ib. per sq. in. 
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Steam Flow - 1000 Lb. per Hr 


Pressure at QO = 404.73 — 0.11 = 404.62 Ib. per sq. in. 


Flow QO to R = 84,570 + 349,570 = 434,140 Ib. per hr. 
Drop O to R= 1.52 X 1.36 = 2.07 lb. per sq. in. 
Pressure at R = 404.62 — 2.07 = 402.55 Ib. per sq. in. 


Now the pressure at R is greater than that at FE and there 
will be a flow of steam from FR to E. 

Drop R to E = 402.55 — 402.24 = 0.31 Ib. per sq. in. 

Drop per 100 ft. R to E = 0.31 + 2.07 = 0.15 tb. per sq. in. 

Flow R to E (from Fig. 4) = 131,000 Ib. per hr. 


Flow E to F = 381,520 + 131,000 — 582,620 —— 70,100 Ib. 
per hr. 

Drop E to F = 1.55 & (—) 0.05 = (—) 0.08 Ib. per sq. in. 

Pressure at F = 402.24 — ( —) 0.08 = 402.32 Ib. per sq. in. 


Flow F to G = 349,570 — 70,100 = 279,470 Ib. per hr. 
Drop F to G = 1.55 & 0.60 = 0.93 Ib. per sq. in. 
Pressure at G = 402.32 — 0.93 = 401.39 Ib. per sq. in. 


Flow R to S = 434,140 — 131,000 = 303,140 Ib. per hr. 
Drop R to S = 1.52 0.70 = 1.06 Ib. per sq. in. 
Pressure at S$ = 402.55 — 1.06 =401.49 Ib. per sq. in. 


TABLE 2 
rae ee = 


| | PRESSURE PRESSURE 
SECTION Firow LENGTH | 


AT AT 
BeGinnInG Enp 
or Section jor Section 


Pressure Drop 








0-B 45,000 | 509 | 5.09 x 0.02 =0.10 | 405.80 | 405.70 
B-C | 394,570 | 155 55 X 1.14 = 1.77 | 405.70 | 403.93 
O-P | 304,570 | 152 52 x 0.70 = 1.07 | 405.80 | 404.73 
P-C | 220,000 | 207 x 0.39 = 0.80 | 404.73 | 403.93 
C-D 31,950 | 155 55 x 0.01 = 0.02 | 403.93 | 403.91 
D-E | 381,520 | 155 55 X 1.07 = 1.67 | 403.91 | 402.24 
P-Q 84,570 | 152 52 x 0.07 = 0.11 | 404.73 | 404.62 
Q-R | 434,140 | 152 52 X 1.36 = 2.07 | 404.62 | 402.55 
R-E | 131,000 | 207 | 2.07 x 0.15 = 0.31 | 402.55 | 402.24 
E-F |— 70,100 | 155 |1.55 x (—) 0.05 = —0.08} 402.24 | 402.32 
F-G | 279,470 | 155 | 1.55 x 0.60 =0.93 | 402.32 | 401.39 
R-S | 303,140 | 152 | 1.52 x 0.70 = 1.06 | 402.55 | 401.49 
S-T | 652,710 | 152 | 1.52 x 2.90 = 4.41 | 401.49 | 397.08 
T-G |-546,000 | 207 | 2.07x(—)2.08= —4.31| 397.08 | 401.39 
G-H |-800,150| 155 |................. male: Mad inet Bee 
Se Je See I ae 


— — — Be 
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Flow S to T = 303,140 + 349,570 = 652,710 Ib. per hr. 
Drop S to T = 1.52 & 2.90 = 4.41 Ib. per sq. in. 
Pressure at T = 401.49 — 4.41 = 397.08 lb. per sq. in. 


Now the pressure at G is greater than that at 7 and there 


Drop per 100 ft. G to T = 4.31 + 2.07 = 2.08 Ib. per sq. in. 


will be a flow of steam from G to T 
Drop from G to T = 401.39 — 397.08 = 4.31 lb. per sq. in. 


Flow G to T (from Fig. 4) = 546,000 Ib. per hr. 


SECTION 


O-B 
B-C 
O0-P 
P-C 
C-D 
D-E 
P-Q 
Q-R 
R-E 
E-F 
F-G 
R-S 
S-T 
T-G 
G-H 
H-I 
T-U 
U-V 
V-I 
I-J 
J-K 
V-W 
W-X 
X-K 
K-L 
L-M 
X-Y 
Y-7 
Z-M 





| 
Flow | LENGTH | Pressure Drop 


55,000 | 509 
404,570 | 155 | 
294,570 | 152 | 
248,000 | 207 | 
69,950 | 155 | 
419,520 | 155 | 
46,570 | 152 
396,140 | 152 


283,000 | 207 
119,900 155 
469,470 155 
113,140 152 
462,710 152 
301,000 207 


187,850 | 155 
537,420 | 155 
161,710 | 152 
511,280 | 152 
348,000 | 207 
302,800 | 155 
302,800 | 155 


163,280 | 152 
512,850 | 152 
348,000 | 207 
68,180 | 155 
68,180 | 155 
164,850 | 152 


514,420 | 152 
514,420 | 202 
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x 1.86 = 2.83 
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Table of Trial Calculations: It is now evident that the 
original assumption is in error, for recirculation of steam 
in this section is impossible. The results so far indicate 
steam going around in a circle, from G to T, T to V, 
then up one or more cross-overs V-/, X-K, and Z-M, 
and back from / to G. The above calculations are re- 
corded in Table 2, which is a convenient form for use in 
inaking the trial calculations. 

Table 3 presents the results of assuming 55,000 Ib. per 
hr. flow from O to B and 294,570 Ib. per hr. from O to 
P. The final pressures at M are 393.20 lb. when going 
around the front header and 388.28 lb. when going 
around the back header. This is as near being the same 
as the final pressures can be calculated without working 
out pressure drops to the third decimal place. In view 
of the assumed equivalent lengths of the fittings such an 
agreement should be considered satisfactory and the final 
pressure at M would probably be about 390.7 Ib. per 
sq. in., making the total drop in the header 405.8— 
390.7 == 15.1 Ib. per sq. in, 

Similar solutions can be made for other operating 
conditions, it being desirable to select conditions which 
are as severe as possible and which at the same time are 
probable. In this way it is comparatively 
easy to determine whether a given lay-out 
will be suitable from the standpoint of 
pressure drop. 





Fic. 5—Curve 
SHOWING RELA- 
TION OF PRESSURE 
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Since erection of the first section of Delray P. H. 3 
some pressure drop tests have been made on the main 
steam piping. One of the most interesting developments 
of these tests is a method of determining pressure drop 
through the 14 in. x 16 in. x 16 in. tee between the 
boiler leads and main header. This method is developed 
along lines indicated by similar tests with water made at 
the Hydraulic Institute of the University of Miinchen.* 

This method relates the pressure drop to the ratio 
of flows through the different branches and the velocity 
head at one of the openings. Fig. 5 shows this relation 
for the combinations of flow indicated. Data for other 
combinations of flow are not available to date. The 
velocity head at point B multiplied by the constant corre- 
sponding to the ratio of flows in A and B gives the pres- 
sure drop from A to B. Velocity head is equal to 
V*y +29 
where V = velocity in ft. per sec. 

y = density in Ib. per cu. ft. 
g =acceleration due to gravity in ft. per sec. 
per sec. 

Described in a bulletin, “‘Mitteilungen des Hydraulischen Instituts der 
Technischen Hochschule Miinchen, Heft I and II by D. Thoma Dr. Ing., 


©. Professor.” Described in part in A. S. M. E. publication “Hydraulic 
Laboratory Practice,’ 1929, p. 140. 
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If similar data were available for each type of fitting 
used in the lay-out it would be possible to calculate the 
pressure drop over the system with the assurance of 
arriving at a correct answer. Such a calculation would 
be very laborious, however, since it would require the 
separate calculation of pressure drop through each fit- 
ting for each trial. 

Since these data are not available for all types of 
fittings, and in view of the wide variety of operating 
conditions possible, it is not believed that the use of such 
refinement in the calculation of pressure drop is war- 
ranted. 


Pressure Drop in Pipe Lines 


A rational method of determining pressure drop in 
pipe lines of any size and carrying any kind of fluid has 
been developed in the last few years. This method, as 
applied to the flow of air and steam, is discussed by W. 
H. McAdams and T. K. Sherwood in Mechanical En- 
gineering for October, 1926, pages 1025 to 1029. In this 
method, the pressure loss is assumed to vary as the 
square of the flow, and inversely as the diameter to the 
fifth power. The coefficient of friction is a function of 
the dimensionless factor DVS-—Z where D is pipe 
diameter, V is velocity, S is specific gravity and Z is 
absolute viscosity.4 This method is easily applied to a 
single line, but is difficult to use in the case of loop or 
divided circuits where the quantities flowing through 
various sections are not known at the start. Then, too, 
the answer obtained by this method is dependent upon 
the length of the line and is subject to the same errors 
in equivalent length as any other method. The rational 
method possesses one distinct advantage, however, in 
that available data for one fluid may be applied to any 


*Values of the terms used in the rational formula, expressed in con 
venient engineering units, are presented in the “Piping Handbook,” by; 
Walker and Crocker, p. 84-105. 
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other fluid by proper use of the DVS + Z relation be 


tween the two fluids. 





Templet Aids in Detailing Piping 

In making drawings of details of piping, in order to 
speed the work and improve appearance, the templet 
shown herewith was devised. 

Its method of application is as follows: 

When the center-line of the pipe has been drawn, the 
templet is placed across the center-line with the middle 
line on the templet for the pipe size in question over the 
center-line on the drawing. The two lines on the templet 
nearest to the center-line locate the outside of the pipe. 
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THis Drawine ILLustrates How tut 


























Tempcet Is Usep IN 


DETAILING PIPING 


Marks are made accordingly on the drawing and the 
two parallel lines for the pipe are drawn. 

When locating an elbow, tee or cross, the other two 
marks on the templet are used. The center-line is 
placed in the intersection of the center-lines where the 
fitting comes and the widest space on the templet locates 
the end of the elbow, tee or cross—Clinton C. Hubbell. 


TEMPLETS FOR ASSISTING THE DETAILING OF 

Prpinc May Be Constrructep ror Any DesiRep 

ScALE; Two or THem CAN Be Mountep Back 
to Back to Factritate Use 
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Here's a description of an air conditioning system in an office 
1 . - . . . 
| using unit coolers supplied with water cooled by ice. Infor- 


mation on the cost of installation, amount of power used, condi- 
tions maintained and details of the installation are given. 


Office Conditioned Economically 
With Unit Coolers 


—System is Cooled by Ice 


AST July an air conditioning system was installed 
in an office of the Knickerbocker Ice Company 
at Freeport, N. Y., for about $900.00, erected. 

The system is ice-cooled, consisting of two unit coolers, 
an ice-melting bunker and a 30-g.p.m. circulating pump. 

The following tabulation of test temperatures shows 
the results that were obtained with this apparatus : 


Outside Temperature 


af}. 


D.B. W.B. Temp. R.H. 
July 29, 1931— 3 p. m.......;... 83 74 78.5 66% 
July 30, 1931—11.a.m........... 83 78 = 805 80% 
Inside Temperature 
Eff. 
D.B. W.B. Temp. R.H., 
July 29, 1931— 3 p. m........... 75 64 70.5 54% 
July 30, 1931—11 a. m........... 73 63 69.5 57% 


The cooled space totals approximately 10,500 cu. ft., 
the average occupancy being 8 adults. Frequently, 10 
to 20 people were present in the office, and these over- 
loads were satisfactorily handled by the cooling ap- 
paratus. 

The power cost incident to the operation of the pump 
and fan motors as evidenced by the increase in the elec- 
tric bills noted since the installation of the cooling sys- 
tem, averages $10.00 per month. The amount of power 


used apparently averaged 160 kw-hr. per month for 
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August and for the portion of July during which the 
system was in operation. 

The cooling water was taken from the bunker at 40 
F, and returned at 42 F after passing through the units, 
there being 27 gallons, or 224 pounds of water, circulated 
per minute. No make-up water is used in this system 
as meltage from the ice furnishes more than enough 
water for the circulation system. 

The refrigeration performed during normal operation 
was 448 Btu per min., or 2.24 tons for 24 hours. Actually, 
this amount of refrigeration was not required except 
for periods of short duration, even during extreme 
weather. The maximum ice consumption was 0.9 ton 
per 12-hr. operating day, the average for the summer 
being 0.5 ton per day. 

The market value of the ice used is rather difficult 
to compute. Ice for retail use would average about 
$12.00 per ton delivered; small commercial customers 
would, in general, purchase ice for about $7.00 a ton. 
Special rates have, however, been made by most com- 
panies for ice used for air conditioning, and these rates 
run down to $4.00 per ton in many cases. For the type 
of installation described, $5.00 a ton could be considered 
a fair figure the country over, which would bring the 
net ice cost per average day to $2.50. 

The unit coolers have an effective cooling surface of 














February, 1932 


By Clifford F. Holske* 


75.3 sq. ft. each, according to the manufacturer’s rating. 
The fan motors are equipped with speed controls, the 
tests being based on operation at the lowest speed, 700 
r.p.m. At this speed, 370 c.f.m. of air passes through 
each cooler. 

No direct provision has been made for the use of a 
predetermined amount of fresh air in this installation; 
the only outside air admitted is through one window 
which is maintained partially open, the exact opening 
depending on the requirements. 

The average difference between the wet bulb tempera- 
ture in the room and the cooling water temperature dur- 
ing the tests was 23 F. The total cooling surface being 
150.6 sq. ft. the heat transfer was evidently in the neigh- 
borhood of 8 Btu per sq. ft. per hr. per degree tempera- 
ture difference. Of course, a higher figure is obtained 
if the temperature of the air in the cooler is taken, 
rather than the general temperature of air in the room, 
as a basis for the calculation. However, as the final 
room temperature is the basic consideration, and as the 
temperature of the air in the cooler is a function of the 
room temperature, it would seem that one is justified 
in accepting the previous method for practical cooling 
system design, particularly in small systems where the 
portion of the load which is not susceptible to exact 
calculation represents a large percentage of the total load. 


The fans on these units can be operated at 870 r.p.m. 
and 1,260 r.p.m. in addition to the lower speed previously 
mentioned. At these speeds the air handled is 460 and 
667 c.f.m. respectively. Of course, the temperature drop 
is less at these higher capacities despite the increased 





* Test engineer, American Ice Company, New York. 
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heat transfer, due to the greater velocity. Evidently, 
it is well in figuring installations of this type to be liberal 
with the cooling surface, and to base the calculations 
of the capacity of the units upon the lowest fan speed. 
Not only does this provide for a reserve capacity in the 
equipment for handling unexpected overloads, but there 
is the additional advantage that the wet bulb tempera- 
ture approaches the temperature of the cooling water 
more closely. This is particularly desirable where de- 
humidification of the air is of major importance. 


A. S. T. M. Proceedings Published 


Part I of the 1931 A. S. T. M. Proceedings contains 
the annual reports of the society committees and the 
papers and standards appended thereto. The president’s 
annual address and the annual report of the executive 
committee are also included. 

Part II of the Proceedings contains the technical 
papers which were given at the annual meeting of the 
Society in June, 1931. 

The subject matter of many of the papers each year 
can be grouped under the heading of metals. The 1931 
Proceedings contains many papers on various aspects 
of fatigue, endurance testing, magnetic analysis, damp- 
ing capacity and corrosion of metals. A symposium on 
malleable iron castings gives data on the properties of 
these types of castings. 

The economic significance of specifications for mate- 
rials is a subject which is of importance to executives. 
It was discussed in a symposium held at the 1931 an- 
nual meeting; the papers and discussion comprise 44 
pages of the Proceedings. 

Copies of this publication are sold by the American 
Society for Testing Materials, 1315 Spruce st., Phila- 
delphia. 
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Compressors for 
Air Cooling 


kTER completion of the Merchandise Mart 
(Chicago), which has more than 4,600,000 sq. 

{t. of floor area and a volume of over 50,000,000 

cu. ft. it was found necessary to install air condi- 
tioning equipment to supply certain areas, in order 


* Formerly, General Superintendent, The Merchandise Mart, Chicago 


By F. F. Sengstock* 





A VIEW oF THE ReE- 
FRIGERATING EQuUTIP- 
MENT, WHIcH Is 
PLACED IN AN ELEva- 
TOR Pit BETWEEN THI 
Car HatcHWays 








nm 


Located 
Elevator Pits 


to insure the comfort of the tenants, their customers, 
and the employes. The purpose of the installation is 
to keep the air at 70 F in two of the areas on the first 
floor; one of these spaces is 80 ft. by 100 ft. with a 
ceiling height of 19 ft. The other is a large restau- 
rant with several areas—80 ft. by 80 ft., one 60 ft. 





DuRING THE’ First 
SUMMER’S OPERATION, 
Ir Was Founp Apvis- 
ABLE TO INSTALL AN 
Air CooLinc SysTEM 
FOR THE RESTAURANT 
IN THE MERCHANDISE 
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by 70 ft., another 120 ft. by 80 ft., in addition to the 
kitchen and typical occupied spaces of a large and 
well-managed restaurant. 
Two VIEWS OF THE 
RESTAURANT IN 
THE MERCHANDISE 
Mart 


Compressors Located in Elevator 
Pits 
The problem of finding a location 


for the compressors and _ other 


equipment in an existing building is usually a difficult 
one. 


In this case it was solved, after some study, by 


placing this equipment in the elevator pits between the 
car hatchways. 

The two COs machines are of the single cylinder, 
double acting type and have a 6-in. bore and 6-in. 
stroke. They are driven by 100 h.p. synchronous 
motors, 440 volt, 3 phase, 60 cycles, with attached 
exciters. They are 7 ft. high over-all, and have a 
66-in. flywheel, grooved for six cog belts. The two 
compressors, with appurtenances, occupy a space 17 
it. by 13 ft. and the coils require 18 ft. by 7 ft. 
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The compressors are located in one pit and the 
adjoining one is utilized for the coils and circulating 
system, besides providing room for carbon dioxide 
cylinders. 
Cooling Coils in Ducts 
The circulating water, at city pressure, is tapped 
in on the city main to the west of the Mart and runs 
about 200 ft. under a loading platform (the refriger- 
ating equipment is located on the “track level” of 
ine building). The return line connects with the line 
1unning back to the receiver tanks in the boiler room, 
ébout 200 ft. from the elevator pit and 40 ft. below 
the refrigerating equipment. 
The cooling coils are inserted 
in the air ducts approxi- 
mately 100 ft. from the cool- 
ing equipment. 
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PLAN SHow1nG Layout OF THE REFRIGERATION MACHINERY IN THE ELEVATOR PIT 
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Joints Welded 

Pipe joints in the compressor room are welded, 
except for a few which are flanged. Supporting up- 
rights are welded to the pipe lines to prevent vibra- 
tion. Little serious difficulty was found in install- 
ing the piping, because of deep iurring and plenty of 
available space on the track-level ceiling. 

It is always a difficult matter to install air condi- 
tioning equipment in a completed building, however. 
For instance, due to the natural suction of the ele- 
vator shaft, dust from the necessary concrete cut- 
ting operations was carried as high as the fourth 
floor of the building. This was 
finally prevented through the use 
of wet burlap bags, kept soaked 
with running water, to dampen 
the dust. 
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Selecting 
the Right Size 
Heating Boiler 








By Sabin Crocker* ———— 


Selection of the right size boiler is essential 
to the success of the installation. The informe- 
tion published herein will be found of great 
value, as the author has had wide experience 
in the problem. 


This article is to be published in three consecu- 
tive installments—this is the first. In it, the 
author has gathered from a number of sources 
all of the information which is needed to 
select the proper size of steam or hot water 
heating boiler. 


In this issue, the eHect of amount of connected 
radiation, heat loss from the piping, and 
domestic hot water requirements on the 
required capacity of the boiler is considered. 


Among the topics to be discussed in the 


second and third parts of this paper are (5) Efficiency with hard or soft coal, gas- or 
warming-up period, efficiency with various oil-firing as the case may be. 
fuels, grate area, combustion space, and type (6) Grate area with hand-fired coal, or fuel 


of heat liberation burning rate with stokers, oil or gas. 
(7) Combustion space in the furnace. 














(8) Type of heat liberation, whether continu- 





ous or intermittent or a combination of 
both. 


ELECTION of the right size steam or hot water All of the foregoing factors have a definite bearing 
heating boiler frequently is a vexing problem due on the size boiler which should be selected for a given 
to the number of factors involved and conflicting job, and should be taken into account in determining 
practices in rating such boilers. Among the items affect- the proper amount of boiler heating surface and the 
ng size selection are: requisite rate of heat liberation in the furnace. Many 
(1) Amount of connected (standing) radiation. of the points discussed are well established and quite 
(2) Heat loss from bare and covered piping in supply and generally accepted, but it is deemed that a review and 
returns. assembly will be of value. 

(3) Domestic hot water requirements. 
(4) Satisfactory warming-up period from a cold or partially 
a Seen CCS eae ee Depending on the size of the job, the maximum heat 
absorbing capacity of the boiler surface should be from 


Absorbing Capacity of Boiler Surface 


Engineer, The Detroit Edison Company, Detroit, Mich. 
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1% to 2 or more times the heat emission rate corre- 
sponding to the summation of Items 7, 2 and 3 above, 
and the heat liberating rate in the furnace should be 
correspondingly greater, depending on the boiler ef- 
ficiency; otherwise action will be sluggish. With an 
under-size steam boiler it even may be impossible to 
get up steam pressure from a cold start with forced 
firing, while with an under-size water boiler it may re- 
quire several hours to raise the water temperature to the 
desired point. Conditions of this kind are far from 
satisfactory and can be avoided through a better under- 
standing of the principles underlying design. While 
the factors involved are simple in themselves, the neces- 
sity for considering each and every one frequently is 
overlooked in selecting a boiler. 


Manufacturers’ Ratings 


Considerable confusion has resulted from the practice 
of some boiler manufacturers of rating their boilers as 
good for so many square feet of equivalent connected 
radiation (represented by the summation of Items 7, 2 
and 3), while other manufacturers have based their 
ratings on heat absorption in the boiler which is equiva- 
lent to including Item 4 with Items 7, 2 and 3. Where 
boilers are bought on a competitive basis, there may be 
a tendency to skimp the size unless the person respon- 
sible for making a selection takes pains to analyze the 
heating surface and fuel burning capacity of the boilers 
offered by different bidders. Even where competition 
is not a factor, it frequently happens that under-size 
boilers are installed through failure to appreciate the true 
significance of manufacturers’ ratings. Fortunately this 
tendency has been sensed by some boiler manufacturers 
who recently have included in their catalogs data on boiler 
heating surface, heat absorption corresponding to a given 
efficiency, boiler performance charts and the like. This 
is a big step forward and should do much toward correct- 
ing previous uncertainty regarding the true capacity of 
boilers. Such data are particularly essential at the 
present time in view of the different firing conditions 
obtaining with the variety of the solid, liquid and gaseous 
fuels now in common use, 

The bearing which the items listed above have on the 
selection of an adequate boiler for any job can be 
brought out to best advantage by taking them up in 
detail one at a time. 


Item 1—Computation of Load Due to 
Connected (Standing) Radiation 


The commonly accepted basis for computing radia- 
tion load is the nominal square foot of connected or 
standing steam radiation. Different types of radiation 
(such as column, wall, pipe coil, bare pipe, indirect, 
etc.) have different heat emissions per square foot of 
actual surface. It is necessary, therefore, to reduce all 
surface to a common nominal basis, which for steam is 
accepted in the trade as one square foot of column (or 
tube) radiation containing steam at 215 F and in a room 
with an air temperature of 70 F. The heat emission of 
a nominal square foot of column steam radiation under 
the above conditions is defined as 240 Btu per hour, 
which corresponds to a condensation factor of approxi- 
mately 4 lb. per hr. The heat emission of a square 
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foot of hot watér radiation depends, of course, on the 
average water temperature maintained, which varies to 
a considerable extent in different types of open and 
closed systems. A frequently used value for heat emis- 


TABLE 1—ApproximMATte Heat EMISSIONS, CONDENSATION 


Factors AND EguivALent Ratios ror Various Types OF 
RADIATING SURFACES WITH Room TEMPERATURE OF 70 F* 


EQUIVALENT 











z | Sq. Fr. \Coxpans- 
Heat Sq. Pr | Equiva-| ation 
Emission) Covumn on TUBE | yenr | Factor, 
Fivw RADIATION Bru Per} RADIATION _| 70 OnE | Ls. Per 
Sq. Fr. | Hor | Se. Fr. | Se. Fr. 
PER Hr.| Sream” | Water | Cotumn) Per Hr. 
240 Bru | 150 Bru | Steam 
Steam at 215F..| Column or tube..| 240 | 1.00 | 1.60 | 1.00 | 0.25 
| Wall or pipe coil 300 | 1.25 | 2.00/ 0.80| 0.31 
Bare pipe 360 | 1.50! 2.40| 0.67| 0.38 
Water at 170 F. Column or tube. 150 | 0.62; 1.00 | | See 
| Wall or pipe coil 190 | 0.80 1.27} 1.26 
| Bare pipe....... | 225 | 0.94] 1.50| 1.07 | 


® These are average values which do not take into account the actual 
number or height of columns, tubes or coils in a radiator nor whether 
the surface is horizontal or vertical. For more complete data, reference 
may be made to the A. S. H. V. E. Guide, particularly the 1928 edition 
in the case of column radiators. 

+ This column also represents heat emission 
radiation, 


relative to column steam 


TABLE 2—CONVERSION Factors FOR COMPUTING UNDER GIVEN 
Conpitions (A) Heat Emittep sy CoLUMN oR TuBE Rapta- 
TION, (B) EguivALENT NoMINAL RaptaTIon* ” 


| 


Temp. oF 


Srnan Ponsscen : TEMPERATURE OF AIR 
Sream | 
ae | OR a 
Vacuum Ls. | Water | 
Ix. He. | Ansouvre In F 80 F 75 F 70 F 65 F 60 F 50 F 
| | | 
22.4 3.72 150 | 0.388 | 0.424 | 0.462 | 0.499 | 0.538 | 0.617 
20.3 4.74 160 | 0.462 | 0.499 | 0.538 | 0.577 | 0.617 0.697 
17.8 | 5.99 | 170 | 0.538 | 0.577 


0.617" | 0.657 | 0.697 | 0.782 
| | | 
| 0.617 | 0.657 | 0.697 | 0.740 | 0.782 | 0.868 
| 0.697 | 0.740 | 0.782 | 0.825 | 0.868 | 0.955 
| 0.782 | 0.825 | 0.868 | 0.911 | 0.955 | 1.045 


14.7 7.51 180 
10.9 | 9.34 | 190 
6.5 | 11.52 | 200 





3.4 | 13.03 | 206 | 0.832 | 0.876 | 0.920 | 0.967 | 1.010 | 1.101 


Lb.Gage* 
0 14.7 | 212 | 0.873 | 0.928 | 0.974 | 1.017 1.063 | 1.126 
l 15.6 | 215 | 0.911 | 0.955 | 1.000 | 1.045 | 1.091 | 1.183 
2 16.9 | 219 | 0.947 | 0.991 | 1.036 | 1.081 | 1.128 | 1.220 
| 
3 17.9 | 222 | 0.973 | 1.018 | 1.063 | 1.109 | 1.155 | 1.249 
4 18.9 225 1.000 | 1.045 | 1.091 | 1.137 | 1.188 | 1.277 
5 19.6 | 227 | 1.018 | 1.063 | 1.109 | 1.155 | 1.202 | 1.296 
6 | 20.8 230 1.045 | 1.091 | 1.137 | 1.183 | 1.230 | 1.325 
g | 22.8 | 235 | 1.091 | 1.137 | 1.183 | 1.230 | 1.277 | 1.373 
10 25.0 240 1.137 | 1.183 | 1.230 1.277 1 325 | 1.421 
® Based on conversion factor of A. S. H. V. E. Guide equal to 
[ (te-ta) /(215-70)] *-3 where te — fluid temperature, ta = air temperature 
» (Conversion factor) x (heat emission of conductor containing 215-F 
fluid in air at 70 F) = (Btu per hr. heat emission of one sq. ft. of radia- 


tion under given conditions). 

(Conversion factor) x (sq. ft. of conductor operating under given con- 
ditions) = (equivalent sq. ft. of same conductor containing 215-F fluid 
in air at 70 “ 

© Approximate. 


4This factor based on the heat emission ratio of nominal hot water 


radiation to nominal steam radiation would be 150 + 240 = 0.625, 
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sion of hot water column radiation is 150 Btu per sq. ft. 
per hr., on which basis it takes 1.6 sq. ft. of hot water 
radiation to equal one sq. ft. of steam. This corre- 
sponds to an average water temperature of 170 F with 
a room temperature of 70 F. Values sometimes used 
for variations of these systems are 200-220 Btu per 
sq. ft. per hr. for vapor system radiators and 200-240 
for accelerated hot water radiators. To avoid unneces- 
sary duplication in attempting to distinguish between the 
various types of steam and hot water systems, this 
article will be confined in the main to steam heating 
with the understanding that the same general principles 
for the sizing boilers apply to the others except where 
otherwise pointed out. 

Table 1 offers a basis for reducing different types of 
radiation to a nominal basis of one sq. ft. of column 
radiation in air at 70 F. 

In case the radiation contains steam or water at tem- 
peratures other than 215 or 170 F, respectively, or the 
room temperature is other than 70 F, the conversion 
factors of Table 2 can be used as a basis for computing 
the equivalent nominal square feet. This table can be 
utilized in converting radiation of vapor or vacuum sys- 
tems operating at temperatures other than 215 F into 
sq. ft. of 240-Btu radiation. 

In the case of unit heaters, wall cabinets, and the like, 
the manufacturers’ ratings should be used as a basis for 
computing the equivalent nominal radiation. After all 
installed radiation has been converted to its equivalent 
sq. ft. of nominal radiation, it should be summed up with 
the insulated and bare pipe losses and water heater load 
computed as described in subsequent paragraphs. 


Item 2—Computation of Load Due to 
Bare and Covered Piping 


Boiler manufacturers’ catalogs frequently recommend 
adding some flat percentage allowance to the equivalent 
nominal radiation to care for heat loss from bare and 
covered pipe in the supply and return lines. Such per- 
centage allowances commonly are given as 25 per cent 
of the equivalent nominal radiation for steam systems 
and 35 per cent for hot water, although allowances as 
low as 10 and 15 per cent, respectively, have been sug- 
gested, presumably where the piping was covered. Use 
of a flat percentage allowance is preferable to ignoring 
entirely the load due to heat loss from the supply and 
return lines, but better practice, especially where there is 
much bare pipe, calls for an actual computation of the 
emission from both bare and covered pipe surface, since 
actual heating systems differ considerably in this respect. 


The amount of pipe left uncovered will vary in dif- 
ferent jobs depending on whether conservation of fuel or 
other reasons dictate covering supply and return lines. 
In many cases where the supply and return lines pass 
through heated spaces it is advantageous to omit covering 
and install a corresponding lesser amount of standing 
radiation, thus saving both the cost of extra radiation 
and covering. It always is good practice to insulate: pipes 
in separate boiler rooms, and usually in unheated base- 
ments, attics and similar places. In some instances, 
where large pipes pass through small rooms, insulation 
; required to prevent overheating the rooms. A further 

uurce of variation in the amount of surface in supply 
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and return lines is the inherent difference between vari- 
ous types of systems such as one-or two-pipe steam or 
hot water. In general it is safe to say that more pipe sur- 
face exists in a two-pipe steam or water system than 
would be required for a corresponding one-pipe steam 
job. The actual heat loss will depend, of course, on the 
relative amounts of bare and covered pipe. Heating sys- 
tems consisting mainly of indirect surface or large unit 
heaters will require much less piping than where column 
radiation of the same equivalent capacity is used. 


After computing the actual amount of bare pipe sur- 
face existing in any heating system, due allowance must 
be made for the large heat emission of this type of 
surface. For approximate results, the factors shown in 
Tables 1 and 2 may be employed for conversion to a 
nominal radiation basis. Where niore exact results are 
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Fic. 1—VARIATION WITH Pipe Size or Rate or Heat TRANS- 

FER THROUGH VARIOUS THICKNESSES OF 85 Per Cent Mac- 

NESIA INSULATION AND THROUGH Bare Pipe (See paper by 
L. B. McMillan, Trans. A. S. M. E., Vol. 48, p. 1277) 
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EXTERNAL ScRFACE | Heat Emission® Bru Per Tora. Heat Emission” Bru | Equivauent Sq. Fr. or Cot- | Equivatent Sq. Fr. or Cot- | Conpensation 

| Lowear Fr. Per Hr. Per F Per Sq. Fr. Per Hr. uMN on Tose RaptaTION UMN orn Tuse RapiaTion Factor, Ls. 

. -| with Steam at 215 F with Hor Water at 170 F Per Hr. Per 

} AILS eS ce Oh moe : 
Nomina | Lonear Fr, | Sq. Fr. Sur- w as ere a Sq. Fr. 
Prive Per Sq. Fr. | pace Per | Steam | Hor Water Sream® Hot Water STeaM Hot Water STEAM Hor Water | STeamMat 
Sur Surrace |Livgar Foot! 215 F 170 F 215 F 170 F | 240 Bru 150 Bre 240 Bru 150 Bru | 215 F 
Fs eran NEAESES Bae as Rated wks GALES 
| | | 

16 4.547 | 0.220 | 0.643 0.594 425 270 1.76 2.82 1.13 1.80 0.441 
% | 863.637 0.275 | 0.770 9.716 407 259 1.68 2.68 1.09 1.74 0.418 
l 2.904 0.344 0.929 0.862 391 249 1.61 2.58 1.04 1.67 0.403 
14 2.301 0.435 1.16 | 1.065 387 246 1.60 2.56 1.02 1.63 0.400 
1's 2.010 0. 498 1.30 1.197 379 241 1.57 2.51 1.00 1.60 0.392 
2 1.608 0). 622 1.58 1, 461 368 234 1.53 2.45 0.98 1.57 0.383 
2! 1.328 0.753 1.89 1.742 363 231 1.50 2.40 0.96 1.54 0.375 
3 1.091 0.917 2.26 2.063 358 226 1.46 2.34 0.94 1.50 0.366 
3ly 0.954 1.047 | 2.53 2.333 350 223 1.45 2.31 0.92 1.48 0.362 
4 0.848 1.178 2.81 2.600 346 220 1.43 2.28 | 0.92 1.47 0.356 
5 0.686 1. 456 3.41 3.140 340 216 1.40 2.24 0.90 1.44 | 0.350 
6 0.576 1.734 4.05 3.703 338 213 1.40 2.24 0.89 1.42 | 0.349 
s 0.443 2.257 5.19 4.720 334 209 1.39 2.23 0.87 1.39 0.348 
10 0.355 2.817 6.38 5.820 329 207 1.37 2.19 0.86 1.38 0.343 
12 0. 299 3.338 7.53 6.870 327 206 1.36 2.18 0.86 1.37 0.340 
18 0.212 4.717 10.41 9.50 320 202 1.33 2.13 0.84 1.35 0.332 
Ilat 303 192 1.26 2.02 0.80 ] SaaS _ 0.315 


® Based on experimental data obtained at the Mellon Institute. 


» An average heat emission with steam at 215 F and air at 70 F 
Btu per sq. ft. per hr. 

© Conversion to other conditions of fluid or air temperatures may be a 
where H heat emitted under desired conditions, tre anc 
temperature of 215 F in air at 70 F. Conversion factors given in Table 
produce results sufficiently accurate for most practical applications. 


desired, the amount of surface of each size of bare pipe 
should be computed and the corresponding heat emissions 
figured from data such as that shown in Table 3. 
Reference to Table 3 indicates that small pipes have 
considerably larger emissions per square foot than large 
pipes, which may have a decided effect on the total 
amount of heat emitted from the bare pipe surface. 
Data given in Table 3 are for horizontal pipes. The 
corresponding losses from vertical pipes are somewhat 
less, but in the absence of specific values may be assumed 
as the same as for horizontal pipes. Attention to details 
of this kind frequently is important in securing a prop- 
erly balanced system and size of heating boiler. Ne- 
glect to estimate bare pipe losses correctly may lead to 
overheating of the spaces through which the pipes pass 
and result in considerable waste of fuel. Where ex- 
cessive bare pipe emission is indicated, it is advisable to 
cover enough of the pipe to reduce the emission to that 
required to heat the room to the desired temperature. 
Heat loss from insulated pipes also should be taken 
into account in computing boiler loads. Where 34-in. 
thick insulation is used, the heat loss can be assumed as 
approximately 25 per cent of that from the same size 
of bare pipe under the given conditions for fluid and air 
temperature. Where covering of greater or less thick- 
ness than 34-in. is used, reference may be made to Fig. 
1 giving heat transfer coefficients for bare pipe and for 
various thicknesses of covering on the different nominal 


pipe sizes. 
It should be understood that the 25 per cent heat loss 


1 ta = corresponding fluid and air temperatures respectively, H« 


is 360 Btu per sq. ft. per hr. and for hot water at 170 F and air at 70 F, 


= Hs [((tt-ta)/(215-70)] ?-™ 
heat emitted with fluid 
and computed from the similar formula H = Hs [(#t-ta)/(215-70)]'-* will 


ccomplished by use of the following formula: H 


> 


assumption is an approximation representing a compro- 
mise figure for different pipe sizes. Actually, a given 
thickness of covering is much less efficient on a small 
pipe than on a large one due to relatively greater in- 
creases in outer surface exposed to the air. This is 
compensated for in part if the heat loss from covered 
pipe is taken as 25 per cent of the bare pipe losses pro- 
portioned to nominal pipe diameter as indicated in Table 
3. Where a more accurate figure is required, the loss 
through the corresponding thickness of insulation can be 
computed for the amount of pipe of each size in the 
system, using values from the curves of Fig. 1. Accord- 
ing to the 4. S. H. V. E. Code,’ pipe covering less than 
34-in. should be considered the same as bare pipe in 
computing boiler load, while pipe covering 34-in. or more 
in thickness is considered as having 25 per cent the heat 
loss of bare pipe. This is a rather rough approximation 
and the computation of heat loss in any given instance 
can be refined as much as circumstances seem to dictate. 

That the variation between different systems is of con- 
siderable magnitude is evidenced by Table 4 which is 
made up from a few typical jobs for similar types of 
buildings coming within the writer’s experience. 

Table 4 is offered as an illustration of the extent to 
which the surface of supply and return lines may vary 
between different types of systems, rather than as a 
basis for setting definite percentages for design purposes. 


Rating Steam Heating Solid Fuel Boilers.”” (Adopte 
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Particular attention is called to the small amount of 
piping required for the unit heater jobs in the Ann 
Arbor and Mount Olivet warehouses included in Table 4. 

TABLE 4—Prpinc TAx For SEVERAL INpUSTRIAL BUILDINGS 


All radiation and piping reduced to a common basis of 240-Btu 
nominal steam radiation. 


c 
c 


STAND- PrpinG 
IxG Prpine Loss Loss To 
Rap1a- | STanp- 
TION | ING 
. “ Cov- 
Sq. Fr.| Bare a Torat | Rapt- 
ERED* 
TION 
Mt. Olivet substation, 2-pipe steam- 
column radiation 1432 30 151 181 12.6 
Mt. Olivet warehouse, 2-pipe steam, 
floor type unit heaters 7500 56 171 227 3.0 


\nn Arbor warehouse, 2-pipe steam, 
suspended type unit heaters. 
‘arfield substation, 2-pipe hot water 


7660 600 43 643 8.4 


column radiation 4285 | 1533 243 | 1776 41.5 

iiford substation, 1-pipe steam col- 

imn radiation 4978 828 126 954 | 19.1 

isbie substation, 2-pipe steam col- 

imn radiation 2724 273 273 | 10.0 
The loss from covered pipe has been assumed as 25% of the loss 


n the same size bare pipe. 


To give an idea of the nature of these buildings, a photo 
graph of the exterior of Mount Olivet warehouse is 
shown in Fig. 2 and an interior view—in which the two 
unit heaters appear—in Fig. 3. One heater is in the 
background about the middle of Fig. 3 and part of the 
other appears at the extreme left. Eventually the build- 
ing will be extended and the heater in the middle of the 
picture moved farther along. An office and toilet room 
in one corner of the building above the boiler are heated 
with hot water radiators supplied from a submerged 
heater alongside the boiler. The hot water radiation 
with its piping is not included in the values of Table 4. 


Item 3—Computation of Load Due to 
Domestic Hot Water Requirements 


Where the domestic hot water supply is heated from 
a building heating boiler, the corresponding load must 
be taken into account in sizing the boiler. Btu required 
per hour and equivalent nominal radiation corresponding 
to various gallon-per-hour water heating rates are given 
in Table 5 for a series of temperature rises. Indirect 
heaters,” fire box coils and storage tanks sometimes are 
rated on a 3-hr. basis instead of a 1-hr., or the rated 


2 “Indirect heaters’ as used here refers to copper coils or other surface 


placed below the boiler water line. 
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water temperature rise may be given as 1/3 of that re- 
quired to give a satisfactory water temperature. Where 
this is the case, a corresponding adjustment should be 
made in using Table 5. 

The water heating loads given in Table 5 represent 
average values over the en- 
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tax or pick-up allowance for the water heating load 
beyond the 11/3 sq. ft. referred to above. 

Indirect water heaters are sold on a basis of their 
water heating capacity, and supply catalog data can be 
used as a basis for computing load on the boiler. Similar 
ratings are available for 
some types of direct water 





tire period of heating plus an 
allowance of 15 per cent. 
The 15-per cent increased 
capacity provides an allow- 
ance to compensate for 
radiation losses from the 
storage tank and circulating 
piping after the water has 
begun to warm. The values 


: apes” : engineers. 
given in Table 5 agree with 





There are at least eight items which must be 
considered when selecting the right size heat- 
ing boiler. While many of the points discussed 
in this article are well established and quite 
generally accepted, it is felt that this review 
and assembly will be found of great value to 


heaters known as fire pot 
generators, water backs and 
the like. In the case of pipe 
coil heaters placed in the fire 
box, a heat transfer rate of 
12,000 to 15,000 Btu per sq. 
ft. per hr. can be assumed, 
depending on how the coil is 
placed with respect to the fire 








the figure of 11/3 sq. ft. of 
steam radiation (or 2% sq. 
ft. of water radiation) per gallon of storage tank capac- 
ity sometimes given in heating supply catalogs, bearing 
in mind that the 11/3 sq. ft. figure is on a basis of 
taking three hours to heat the tank to a satisfactory tem- 
perature. The value of ™% sq. ft. of steam radiation 
given in some heating supply catalogs is entirely inade- 
quate if the storage tank is to be warmed in three 
hours. There is some justification, however, for the 
practice of omitting the application of any further piping 


TABLE 


110 F Rise 


100 F Rise 
| 





GALLONS | 
| EQuivaLent | 


Heatep Per | EQUIVALENT | 


5—Water Heatinc Loaps vs. TEMPERATURE RISE FoR VARIOUS GALLON-PER-Hour Rates" 
120 F Rise 


a 
| EQUIVALENT | 


and the extent to which it 
has scaled up. This is equiv- 
alent to a 240-Btu radiation load of 50 to 62.5 sq. ft. per 
sq. ft. of coil surface. The same values can be applied 
in the case of cast iron or brass water backs where cata- 
log information is not available. Assuming a 100-F 
water temperature rise, each sq. ft. of water back or 
fire box coil surface is capable of heating 12% to 15% 
gallons of water per hour, including a 15-per cent allow- 
ance for radiation losses from storage tank and cir- 
culating piping. 


140 F Rise 150 F Rise 


. | 
130 F Rise 
; Boke I 
EQuIvALENT | EqurvaLEent | | EQUIVALENT 


} 
| | 
Hour 1,000 Bru | Sq. Fr. | 1,000 Bru Sa. Fr. 1,000 Bru | Sq. Fr. | 1,000 Bru Sq. Fr. | 1,000 Bru Se. Fr. | 1,000 Bri Se. Fr. 
| Per Hr. 240 Bru | Perr Hr. 240 Bru | PerHr. | 240 Bru Per Hr. | 240Bru | PerHr. | 240 Bru Per Hr. 240 Brt 
| Raptat10n | | RADIATION | | Raptation | | Rapration | | RADIATION | RapIaTION 
5 4.80 | 20 =| 5.28 22 5.76 24 6.24 26 6.72 2 OC} 7.20 | 30 
10 9.60 | 40 | 10.56 | 44 11.52 | 48 12.48 52 13.44 56 14.40 60 
20 19.20 80 21.12 88 23.94 | 96 24.96 104 26.88 a 28 .80 120 
30 28.80 120 | 31.68 . 132 34.56 144 37.44 156 40.32 168 43.20 180 
40 38.40 160 | 42.24 176 46.08 192 49 92 208 53.76 224 57.60 240 
50 48.00 | 200 =| 52.80 | 220 57.60 240 62.40 260 67.20 280 72.00 300 
60 57.60 240 63 .36 264 69.12 288 74.88 312 80.64 336 86.40 360 
70 67.20 280 73.92 308 80.64 336 87.36 364 94.08 392 | 100.8 420 
80 76.80 | 320 84.48 352 92.16 384 99 84 416 107.5 448 115.2 480 
90 86.40 360 95.04 396 103.7 432 112.3 468 121.0 504 129.6 540 
100 96.00 400 105.6 440 | 115.2 480 124.8 520 134.4 560 144.0 600 
120 115.2 480 126.7 528 138.2 576 149.8 624 | 161.3 672 172.8 720 
140 134.4 560 147.8 616 161.3 672 174.7 728 188.2 784 201.6 840 
160 153.6 640 169.0 704 184.3 768 199.7 832 215.0 896 230.4 960 
180 172.8 720 190.1 792 207.4 864 224.6 936 241.9 1008 259.2 1080 
200 192.0 800 211.2 SSO 230.4 960 249 6 1040 268 .8 1120 288 .0 1200 
250 240.0 1000 264.0 1100 288 .0 1200 312.0 1300 336.0 1400 360.0 1500 
300 288 .0 1200 316.8 1320 345.6 1440 374.4 1560 403 .2 1680 432.0 1800 
400 384.0 1600 422.4 1760 460.8 1920 499 2 2080 537.6 2240 576.0 2400 
500 480.0 2000 | 528.0 2200 576.0 2400 624.0 2600 672.0 2800 720.0 3000 


* Table is computed for water having a density of 8 1/3 Ib. per gal. and a specific heat of one Btu per F. 
240-Btu steam radiation for each gallon of water heated per 
1/3 X 100 = 833 Btu/hr. = 3.47 sq. ft 


equal to 4 sq. ft. of 


Heat required to 
Heat lost by 


raise water temperature = 8 


Total 


The allowance for radiation loss from storage tank and circulating piping represents approximately 15 per cent of the heat 
water temperature, 


radiation from storage tank and circulating piping = 12 


960 Btu/hr. 


Loads are based on a boiler tax 


hour through 100 F, computed as follows 
steam radiation per gal. 
Btu/hr. = 0.53 


4.00 
required to raise the 











February, 1932 


In so me installations, dial 2 
steam coils immersed in aaa 
tanks are used for water ss gue 


60,000 
50,000 


#0000 


heating purposes. Water 
heating capacities and corre- 
sponding boiler loads for 
such coils of brass or iron 
pipe can be read from Fig. 
4. These values are for hori- 
zontal pipe coils and contain 
an allowance of 50 per cent 
for fouling of the pipes. 
Consequently the maximum 
load with clean, new pipe 
may be twice that shown, 
which should be taken into 
account in sizing the boiler. 
All pipe surfaces considered 
here and elsewhere in this 
article are external. 


39000 


20,000 


btu per 5g. t of ercerna/ pipe Surlace per hour 


Fic. 4— HEATING 
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AND Iron’ PIPE 
Corrs IN WATER 
STORAGE TANKS 





/ 2 
(Based on tests made 
by the American 


Radiator Company.) 
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N ONE large project, a 40-story office building re- 

cently analyzed, the heating system with mechanical 
exhaust for the toilet rooms cost for investment per 
square foot of reifable area 0.415 dollars. 


Labor, fuel and power for this plant cost 

per square foot of rentable area......... 0.064 dollars 
If a complete ventilating system is 

idded, it will cost for investment, in ad- 

dition to the heating, per square foot of 


TOOL: bocce nbbewhpeeedaes vhwixe 0.725 dollars 
Operating cost for ventilating, per sea- 
son, per square foot of rentable area..... 0.023 dollars 


The space occupied on each story by 
ventilating and cooling equipment is an 





interior one, behind the elevators, of little 
value for other purposes, and amounts to 
about 250 sq. ft. per story. 

If, having installed the heating and 
ventilating systems as outlined, two dupli- 
cate refrigerating units are added (lo- 
cated in the basement) with pumps and 
cold water piping to the various air sup- 
ply systems, the investment cost will be, 
per square foot of rentable area.......... 0.390 dollars 

Operating cost for cooling-for-comfort, 
per season of 60 days per square foot of 


rentable area 0.064 dollars 


If 5 per cent interest and 2.72 per cent, twenty-year 
sinking fund on the investment cost is allowed and the 
operating cost is added we learn that the cost for in- 
vestment and operation check out about as follows, 


per square foot of rentable area per season, in this 
building : 

Heating $0.0964 say ten cents 
Ventilating 0.1290 say thirteen cents 


Cooling-for-Comfort 0.0944 say ten cents 


The ventilating system is necessary if it is desired to 
cool-for-comfort. 

In other words if the modest sum of about 25 cents 
per square foot of rentable area on a big plant is added 
to the annual rental in this building cooling-for-comfort 
can be furnished.—Samuel R. Lewis, in a paper pre- 
sented before the Western Society of Engineers. 








Sutpuuric Ac- 
1p SERVICE TANK 
on THIRD FLoor 





By Dwight Spofford* 


N ACID unloading and piping system that has 
proved to be economical in time, labor and cost of 
operation, is used in the plant of the Electro- 

Chemical [Engraving Co., New York City. 

Previous to the installation of the equipment, sul- 
phuric and hydrochloric acids were delivered in carboys, 
necessitating truck-men, elevator usage to transfer the 
carboys to other floors, considerable storage space, and 
of course, requiring much time in handling. As only 
small quantities of acids were deliverable at a time, a 
higher price had to be paid as compared to the price in 
tank truck quantities. 

James B. Monahan, chief engineer, conceived the idea 
of handling the acids by pumps and piping, and made the 
lay-out for the system. The sulphuric and hydrochloric 
acid handling systems are practically identical—plain 
steel tanks, pipe and acid-resisting valves for the sul- 
phuric acid, and rubber-lined tanks, pipe and valves for 
the hydrochloric acid. Acids are now delivered by tank 
trucks. 

A pipe tunnel was bored under the sidewalk to 
two 31-in. man-holes four feet 
apart and 23-in. from the curb. Two 6-in. casings 
of tile pipe were laid through the tunnel. A 1%-in. 
extra heavy flanged steel pipe was run through for the 
sulphuric acid and a 2-in. rubber-lined steel pipe for 
The man-hole basins and fill 


diameter cast iron 


the hydrochloric acid. 
caps are set in concrete. 

Main storage tanks are located in the basement of the 
seven-story building and are filled by siphoning from 


*The Duriron Co., Inc., Da>ton, Ohio 


MAIN STORAGE 
TANKS IN THE 
BASEMENT ARE 
FILLED sy SrI- 
PHONING From 
TANK TRUCKS 





Acid Piping 
System Saves 
Handling Costs 


the tank truck. To start the siphon over the top of the 
tank truck, a pound or two of air is put on the tank by 
means of a small motor-operated pump. The acids are 
pumped from the main storage tanks to the third floor 
into 200-gal. tanks, from which they flow by gravity 
through pipes to the vats where they are to be used. 

As the fire department has a regulation which pro- 
hibits leaving acid in any pipe lines, it was necessary to 
use self-priming pumps; they are acid-resisting, self- 
priming centrifugal pumps, direct connected to 5 hp., 
1750 r.p.m., 2 phase, 60 cycle, 220 volt motors. 

The main switch is in the basement in a room next to 
the storage tank room, with push button control nearby. 
Remote push button controls are located on the third 
floor next to the service tanks, with red lights showing 
when the pumps are operating. Floats in the tanks 
automatically cut off the pumps when the tanks are filled 
to within five or six inches of the top. To prevent 
siphoning back the inlet pipes extend only two inches 
below the tank covers. All acid remaining in the pipe 
lines after the pumps have been shut off drains back into 
the main storage tanks. 

From 15 to 20 seconds after the “start’’ button is 
pressed on the third floor, acid is being delivered, taking 
but a few minutes to fill the tanks. As the tanks are 


filled twice a day, the time saved is a considerable item. 

It has been estimated that the installation will pay for 
itself within three years by the difference in cost be- 
tween acid in carboys, and in tank trucks, not counting 
savings in manual labor. 
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3UILDING AS REMODELED WITH 
FOR THE Lower THREE STORIES 


How the Heating Plant in an Office Building 
Was Rejuvenated Without Shutting System Down 


By Samuel R. Lewis* 


HE steam and return piping in a large thirteen- 
story office building of the older type is shown in 
Fig. 1. It was heated by a down-feed steam sys- 
Each radiator had a large single-pipe connection 
from the vertical main pitching up to the radiator, and 
steam and condensation flowed in opposite directions into 
and from the radiator. A %-in. air pipe with a pin- 
hole orifice in each radiator at the end opposite the sup- 
ply connection vented the radiator with a 34-in. down- 
going air exhaust main to a vacuum pump in the base- 
ment. The plant worked fairly well, but it became 
ecessary to rearrange and rejuvenate the lower three 
stories. 

One story only at a time could be vacated for recon- 
struction. The third story was chosen as the first one 
to be rebuilt, but the tenants on the first and second 
stories were temperamental and could not be disturbed. 
the third story could be commenced in summer, but 
could not be finished before cool weather, and inevitably 
the second story would be rebuilt during winter. 


tem. 


Consulting engineer, Chicago, Ill. 
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It was decided to install a two-pipe vacuum system. 

A new vacuum return main was extended along the 
walls of the building at the third story. The lower ends 
of four old down-feed risers through the first and sec- 
ond stories could be spared, and the new third story re- 
turn mains were bled down through these and con- 
nected in the basement to a new electric vacuum pump 
of a size sufficient to serve the entire building. 

The 65 old down-feed mains were cut and reconnected 
at the third story and were drained through float traps 
into the new vacuum return mains at the third story. 

At the same time, in the basement, where work could 
be done without trouble with the tenants, the old dry re- 
turn mains were fed with steam at six strategic points 
so as to avoid regrading them and so as to feed them 
often enough that they would have sufficient capacity to 
up-feed two stories. 

\ new vacuum return main also was run in the base- 
ment while the third-story work was being prosecuted, 
which picked up the four drop connections from the 
new third story vacuum returns, 

It was thus possible to down-feed the upper parts of 
the building with only four of the lower ends of the old 
risers through the second story to serve as vacuum re- 
turn mains. ‘The first and second stories were up-fed 
from the old dry return mains which became supply 
mains. 
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PLAN OF SUPPLY PIPING 








valve 
in the 
condensation 


would act as a safety 
and waste to the sewer 
event that the 
could not all return to the 
hot well. The peculiar return 
header shown in Fig. 3 was 
of course, eliminated when the 
vacuum pump was installed. 

An interesting side light 
to the old piping was that oc- 
casionally the reciprocating 
engines of the power plant 
delivered more exhaust steam 


Metal casing 








Raaiator 












ie & casing Float traps 








Unit Ventilator 


than the heating system could 
condense. There was a 12- 
in. single-disc back-presssure 








PLAN OF RETURN PIPING 


When the third story was completed the second-story 
tenants moved up there, and the second story was then 
rebuilt, removing entirely 61 of the old risers through 
that story and having ample heat during construction by 
steam up-fed from the old dry return main. 

In general the second story as rebuilt has its own local 
return mains run behind the radiators and unit ventilat- 
ing machines along the outer walls. These mains, since 
they serve but one story, are of course much smaller 
than those on the third story which serve ten stories. 

It will be observed, if this story has been told clearly, 
that, so far, first-story tenants have not been disturbed. 

It was thought that the orifice-type air vents might 
interfere with the successful maintenance of  sub- 
atmospheric pressures by the new vacuum pump, as 
steam could conceivably pass them. Therefore, when the 
old air line mains were connected into the new vacuum 
mains at the third story, thermostatic traps which would 
pass water and air but which would not pass steam were 
installed. Where the old first-story radiators continued 
on the single-pipe system, air-line thermostatic air valves 
were utilized to supplant the pin-hole type air valves. 

Fig. 2 shows a typical elevation at the third story with 
the unit ventilating machines, radiators, float traps, ther- 
mostatic traps, steam valves, etc. Fig. 3 indicates the 
work which some one performed in an attempt to seal 
the warring different dry return mains against each 
other. 

It is believed that whenever the siphon at the right 
was primed by accumulation of condensation it must 
have siphoned itself dry, eliminating for a time the seal. 
The idea of the deeper water seal at the left was that it 





Metal casing 
valve on the out-board ex- 
haust pipe, which was not 
steam-tight. To prevent the noise made by this 


valve and to reduce wasteful leakage it was the custom 
to hang a mass of scale-weights on the operating arm. 
Thus the valve became inoperative and when undue back 
pressure did occur the water seals or siphons shown in 
Fig. 3 acted as relief valves and blew out steam after 
coughing themselves clear of water. 

This back-pressure valve trouble was cured by re- 
grinding the big valve and by weighting it to hold five 
pounds pressure. A 6-in. multiport back pressure valve 
was installed and set to discharge at 3% Ib. on a by-pass 
around the big valve. The smaller valve with the many 
spring-loaded ports does almost all of the necessary 
work, with its big neighbor merely resting comfortably 
in the background as a reserve. 


-Ends of dry return mains. 
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The ends of the old dry return mains were sealed each against 
the other by the false water line arrangement shown. The 


65 dry mains from over-head, however, were not sealed against 
each other. 











































Thirteen miles of 114-in. piping were 
used in the construction of the new ice 
skating rink at the University of Illinois, 
which was constructed by the athletic 
department for the use of the students. 
At the present time it is planned to use 
the rink for skating only, but blank tees 
are provided in order that provisions for 
circulating warm brine for ice melting 
may be made in the future. 











By E. Zuckerman* 


Piping Lay-Out for 
an Ice-Skating Rink 


HE athletic association of the University of Illi- 4—ammonia condenser shells, size 18 in. x. 17 ft. 1% in. ar- 
nois has recently completed the installation of a ranged in two stands, two shells high, with a total con- 
mechanically-refrigerated indoor ice skating rink, densing surface of 1080 sq. ft. 


a notable addition to the athletic department, at a cost 1—ammonia receiver, size 3634 in. x. 17 ft. 7 in. 


of $340,000.00. 1—brine cooler, size 46% in. x. 15 ft. 4% in. having a cooling 
surface of 2000 sq. ft. 
The Refrigerating Equipment 1—suction trap, 26 in. x. 6 ft. 6 in. 


_ — ° . . —hbri » ? ~Q¢ : ¢ 
[he refrigerating equipment consists of the follow- l—brine storage tank, 20 ft. x 8 ft. x 8 ft. 


ing: 1—brine pump, 300 gal. per min. 
wait 1—brine pump, 600 gal. per min. 


2—10 in. x. 10 in. vertical enclosed twin-cylinder single-acting 


compressors, operating at 300 r.p.m., direct connected to The compressors are of modern design, using ring 

= ine-tvpe 23 r [Vv = ‘ " > © rac 4 ° . 
100-hp. engine-type 2300 volt synchronous motors. plate valves for both suction and discharge, gear oil 
‘The Carbondale Machine Co., Chicago, Iil. pump tor pressure lubricating system, and neat manifold 


incorporating stop valves, by-pass valves, 
and a suction strainer. Condensers are of the 
multipass type, using cooling water from the 
university plant, which, after passing through 
the condensers, is pumped to another portion 
of the campus for further use. 


Fic. 1— Tue Rer- 
FRIGERATING EQuip- 
MENT. THE BrINE 
Cooter Is Suws- 
PENDED FROM THE 
CEILING BECAUSE 
OF SPACE REQUIRE- 
MENTS 
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2— Tus Drawinc 
DETAILS OF THE 
HEADER PIPING AND ALSO 
ILLUSTRATES THE METHOD 
q oF SLAB CONSTRUCTION 
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The brine cooler is of the multipass tubular type and 
is suspended from the ceiling because of space require- 
ments. A heavily reinforced slab was provided for this 
purpose, strong enough to support the operating weight 
of the cooler, which is in the neighborhood of 16 tons. 
The cooler is arranged for float feed, using a low pres- 
sure float to maintain constant level irrespective of the 
refrigerating load or the number of compressors oper- 
ated. A further precaution against slop-over is a large- 
size suction trap. 

Either of the brine pumps, or both, may be used, 
depending on the refrigerating load. 

Fig. 1 is a view of the machinery room. 

The Piping Arrangements 

The skating arena is 193 ft. long and 126 ft. wide. 
The cooling pipes are imbedded in the top slab. The 
arena has a trench along one side and the two ends. 
The second side adjacent to the machine room has a 
tunnel 6 ft. high and 6 ft. wide. Two snow pits are 
provided along one side of the rink 
scraped snow or ice. 


for dumping 


Approximately thirteen miles of 
used for the rink floor. 
of the rink on 4%-in. centers and made in hairpin bends, 


1%-in. pipe were 
The pipe was laid cross-ways 


the tails of which have valved connections to feed and 
return headers in the tunnel, as shown in Fig. 2. In order 
to equalize friction in all hairpin bends, a three-header 


system was used. While this increased the length of 








brine travel, it makes the adjustment of individual coil 
valves much easier. 

A valved air vent header is connected to each coil in- 
let, terminating in an air trap installed above the ceiling 
of the first floor. In addition, individual vent cocks are 
installed on each coil return. 

The headers and connections are all galvanized as are 
the coil tails. No insulating material for headers and 
connections was used beyond a three-layer wood bulk- 
head, which separates the header compartment from the 
rest of the tunnel space. Hinged access doors are pro- 





S1x-Foot 


Was Pourep IN ALTERNATE 


Wipe Strips 


Fic. 3—THE Stas 
















February, 1932 


Fic. 4— Tue Pir- 
ING BEFORE THE 
Stas Was Povurep 


vided for the entire length of the bulkhead. While there 
is some loss of refrigeration because of uninsulated 
headers and connections, the probable saving was not 
considered sufficient to offset the first cost of the in- 
sulating material and subsequent costs at a later date, 
when for some reason or other access must be had to 
the headers and connections. 


Installing the Piping 


Fig. 2 also illustrates construction of the rink. The 
walls, trenches and tunnel were installed first. The 
ground was graded and filled with an 18-in. depth of 
cinders, on top of which was poured a 6-in. concrete 
sub-base, level to within %4-in. A system of tile sub- 
drainage was installed cross-ways of the rink. 

134 in.x 2% in. creosoted screeds were laid length- 
wise of the rink on 6-ft. centers, but not fastened to the 
sub-base. On top of these sleepers and serving as rests 
for the pipe were placed 1-in. solid iron rods. 

Forty-foot lengths of pipe were used in order to re- 
duce the number of field welds. All pipe lengths were 
welded first, this being more convenient, because the 
welders could roll the pipe. The bends were welded to 
the pipe later by raising the ends and resting them on a 
trestle. Approximately 2,300 welds were made by the 
acetylene process; only half a dozen leaked when the 
system was tested hydrostatically at 125 Ib. 

The pipes were clamped to the sleepers on exact 4%- 
in. centers and leveled with a transit to within 1/16-in. 


Slab Is Expansion Floating Type 


Clean, coarse sand was filled and tamped in to the 
height of the sleepers, after which the floor was ready 
to receive the top slab. This patented slab is known as 
the expansion floating type. It is entirely independent 
ot the sub-base and the building construction, because 
of expansion and contraction, which, between winter 
and summer, varies as much as 1%-in. in the length of 
the rink. 

The mixture for the top slab consisted of one part of 
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cement, one and one-half parts sand, and approximately 
two parts of metal turnings. It was poured in approxi- 
mately 6-ft. wide alternate strips cross-ways of the rink, 
with 1/16-in. brass expansion strips to separate the 
individual slabs and extending from top of slab to the 
top of the sand. These strips were punched so as to 
bond into the slab. 
later. 
top of the pipe. 


The intermediate layers were poured 
The surface of the concrete is 14%-in. above the 


The surface of each slab section was trowelled to a 
smooth finish. All high spots were ground smooth with 
a carborundum machine. 


Used for Skating Only at Present 


It is the intention of the athletic department, for the 
present, to use the arena for ice skating only. Hence, 
the operatior will be continuous beginning the first part 
of November + ad ending about April 1. However, the 
arena may be used for other purposes in the future. 
Blank tees have been provided in the brine supply and 
return lines, to which a brine heater may be connected 
for warming the brine required to loosen the ice from 
the floor. The ice will then be broken up and dumped 
into the snow pits, where it will melt and run off into 
the sewer. 

The average brine temperature supplied to the rink 
pipes is 15 F. At the start of the freeze, the tempera- 
ture of the concrete slab is brought down as close as pos- 
sible to the brine temperature. The slab is then sprayed 
with a fine film of water, which freezes rapidly. The 
spraying is continued until a substantial thickness of ice 
is reached, usually about 1% in. When the ice thick- 
ness becomes too great due to frequent spraying, an ice 
planing machine is used to remove excess ice and smooth 
the surface. The snow formed by planing is dumped 
into the snow pits. 

The building and equipment were designed by Hola- 
bird and Root, architects, with Professor H. J. Macintire 
cooperating in the design of the refrigerating plant. 












Drying Method 
1s All-ILmportant 









— to dry a product economically, 
the proper method must be used 











The use of the proper drying method has a profound effect 
on the quality of the product secured and on the cost of 
manufacture. In order to dry a product economically, the 
effect of the drying factors must be known. 








In this article, essential drying information is charted and 
discussed and the use which the industrial air conditioning 
engineer can make of this information is demonstrated. 
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Fic. 1—Weicut or Arr Regurrep For Dryinc UNpeR VARI- 
ouUS PRESSURES 

Water evaporated, 220 Ib. Entering and emergent air sat- 

*Consulting Engineer, West Chester, Pa. urated. 
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motion or reduced air pressures, humidity control offers 
an opportunity for improvement in method. Many dry- 
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ing problems in the production of paper products, print- 
ing, and lithographing have been solved in this way. On 
the other hand humidity control offers little advantage 
over temperature control alone in calendering rubber 
sheet products. What is needed is the ability to recoz- 
nize the general drying requirements of any product 
through a clear picture of the various drying methods 
and their effect on various materials. 

Economical drying depends largely on the method.! 
Since practically any product can be dried in a number 
of different ways the relative merits of each possible 
method should be carefully considered before equipment 
is selected. In any analysis of this sort the effect of each 
of the four drying factors—air motion, air pressure, 
temperature and relative humidity—has a bearing which 
may not be neglected. These factors might rightly be 
called the mechanics of drying. 

In the December, 1931, HEATING, PrPING AND AIR 
CONDITIONING several charts were shown. Data were 
plotted on the weight of moisture in air entering a dryer 
under atmospheric pressure with the emergent air in a 
non-saturated or a saturated condition, the heat re- 
quired for drying under variable air pressures with the 
emergent air saturated and the moisture in saturated air 
at low temperatures under atmospheric pressure and at 
ordinary temperatures with variable air pressures. These 
graphical examples are amplified by five more charts 
(Figs. 1-5) published with this article in which the 
weight of dry air required for drying under variable air 
pressures and emergent air humidities as well as the heat 
required for similar drying conditions are shown. 


Charts Show Unit Effect of Humidity, Temperature 
and Pressure 


With these charts as a basis a new set of graphs can 
be made, in order to demonstrate clearly the unit effect 
of relative humidity, temperature and air pressure over 
a wide range of drying conditions in which a fixed 
amount of moisture is evaporated. This amount is taken 
as 220 pounds; the graphs appear as Figs. 6 to 11. In 
all of these graphs no time unit appears. The time 
required depends on many factors—such as method of 
drying, character of the product dried and rate of air 
motion. 


Use of the Charts in Solving Drying Problems 


Figs. 6 to 11 are usable in the solution of many drying 
problems since they show trends and comparisons. For 
example (by means of Figs. 6 and 7) it is possible to see 
what happens when moisture removal rates decrease 
after the initial drying period is passed. Figs. 8 and 
9 give the requirements in weight of dry air and in heat 
per unit change in dryer temperature. Again, in Figs. 
10 and 11, the heat and dry air requirements increase 
as the absolute pressure rises. 

In these charts, the weight of dry air has been em- 
ployed rather than the volume. This need not involve 
any hardship to those who prefer to think in terms of 
volume. Conversion can easily be made through the use 
of psychrometric charts. Most engineers prefer the 
weight unit in dealing with air problems because change 
i air temperatures means a corresponding change in 


See “An Introduction to Drying,” by Malcolm Tomlinson. HEeEatine, 
PING AND Atr CONDITIONING, June 1931, p. 473. 
!undamentals of .thé Drying Process,” 


Also, “Charts Show 
December 1931, p. 1017. 
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Fic. 2—WEIGHT OF AIR FOR 
se Dryinc Unper Various Hv- 
MIDITY CONDITIONS 
Water evaporated, 220 Ib. En- 
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\ pheric pressure. 
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Fic. 3—We1cut or Arr For DryING at VARIouS HuMIpITIES 


volume. On the other hand a pound of dry air is not 
changed by temperature variations. For these reasons 
calculations on the basis of air volumes require more 
labor than those based on air weight. 


Four General Drying Methods 

Drying may be considered as proceeding by one of 

these four methods: 

1. Air drying—Pressure usually atmospheric. 

2. Steam drying—Pressures seldom, if ever, atmospheric. 

3. Product heated directly—Pressure that is most suitable. 

4. Air conditioning—Pressures usually approximately 

atmospheric. 


Air drying lends itself particularly to products where 


118 


slowness in drying is needed to prevent warpage and 
discoloration, where high temperatures can not be used 
and where the interior of the product is difficult to heat. 
Steam drying is often applied as an improvement over 
the previous method in rate of drying. Its disadvantage 
is that best results can only be secured where air is 
eliminated from the atmosphere. The third method 
usually employs radiation as well as conduction and con- 
vection of heat. It is used in vacuum, high pressure 
and high temperature drying. Its advantage lies in its 
speed, Air conditioning permits the variation of three 
of the drying factors under air pressures at or near atmos- 
pheric. Its advantage is that it can be used for a wide 
variety of products and for the most delicate materials. 
Direct heating, such as used in the third method, may 
be secured, in some cases, by the application of electrical 
currents internally while external heating, in other cases, 
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may be obtained through exposure to the products of 
combustion. 

All drying requires a preliminary knowledge of the 
highest permissible temperature, the weight of the prod- 
uct to be dried and the quantity of moisture to be 
removed. The next step is the determination of the 
quantity of heat and air needed and the most suitable 
air pressure. At once the charts become valuable, for 
comparison, under many drying combinations. From 
the quantity of heat required the heating surface may 
then be figured and the volume as well as the rate of air 
movement can be determined through the weight of 
dry air needed. 

Drying with Air 

Drying by the aid of air insures certain conditions. 
The amount of heat required is proportional to the 
weight of air used, since the largest expenditure of heat 
is to warm the air. Also the higher the air tempera- 
tures in the dryer, the lower the air requirements. The 
use of the optimum temperature is therefore imperative. 
Furthermore, the temperature of the entering and the 
emergent air must finally reach the same value when 
a bone-dry product is desired. It thus follows that 
where the product is not to be thoroughly dried the exit 
temperature will not have reached that of the entering 
air by the end of the drying cycle. It is, of course, 
imperative that the exit air retain not only the moisture 
which it held in vapor form when it entered the dryer 
but also all of the moisture which it absorbed from the 
product. 

In addition the air at the exit has given up heat to 
the product. This heat must be sufficient to evaporate 
all of the moisture which must be removed. Again, 
when the temperature of the entering air is raised, the 
heat consumption is decreased while a diminishing 
external temperature raises the quantity of heat required. 
Then, from a weight-of-air-requirement standpoint, the 
air needed increases with an increase in the dryer tem- 
perature while less air is required when the outside tem- 
perature is decreased. Most of these fundamental facts 
will be found borne out by the charts under conditions 
of atmospheric pressure. 

With the above facts in mind it follows that the capac- 
ity of fans to handle the air must be sufficient to take 
care of the greater quantity of air needed in warm 
weather, the heating surfaces must be sufficient to meet 
the coldest outside air temperatures and, where air con- 
ditioning is used, humidifying and dehumidifying equip- 
ment must be capable of meeting the extremes of hu- 
midity which occur in nature. Therefore, analysis of 
weather reports covering local conditions is essential. 


Importance of the Proper Method 


We now have a picture of the complications encount- 
ered in the selection of a satisfactory method of drying 
for a definite product. It is not hard to visualize the 
disastrous effect of poor drying methods and, on the 
other hand, the happy effect of right methods of drying 
on all types of materials and products irrespective of 
mineral, vegetable or animal origin. 


Drying Lumber 


Consider lumber, for an example. Sun, or outside air, 
drying is certain to result in heavy losses due to warpage, 
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ic. 6—Errect oF RELATIVE HuMipity oN WEIGHT OF AIR 
REQUIRED FOR DRYING 
Entering air saturated. Atmospheric pressure. Water evap- 
orated, 220 lb. Humidity of emergent air varying. 
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Fic. 7—Errect oF Re_ativE Humipity on Heat REQUIRED 
FOR DRYING 
Water evaporated, 220 lb. Entering air saturated. Atmos- 


pheric pressure. Humidity of emergent air varying. 


cracks, shrinkage, checking, stains, fungus growth and 
insect attack long after drying operations are completed, 
because only a small portion of the moisture, or “sap,” 
has been removed. Kiln drying with temperature control 
alone means that the rate of evaporation may not be con- 
trolled properly and the surfaces dry faster than the 
interior. This condition is known as “case hardening”’ 
and results in surface checking. To overcome this con- 
dition steam drying or air conditioning is used. In other 
words the air surrounding the lumber must be kept 
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Fic. 8—Errect oF TEMPERATURE (Dryer) ON WEIGHT OF AIR 
FOR DRYING 
Entering and emergent air satu- 


rated. 


Water evaporated, 220 Ib. 
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Fic. 9—EFFECT OF 
Water evaporated, 220 lb. Entering and emergent air satu- 
rated. 


humid, or wet steam must fill the atmosphere to enable 
interior moisture to leave the boards before the surface 
is sealed. Kiln production of hard and soft woods is 
about 22 billion board-feet per year. Losses due to im- 
proper outdoor and subsequent kiln drying are estimated 
at 7 per cent of this production. Proper kiln drying in 
the green condition would reduce the losses to not more 
than 2 per cent, it is estimated. The difference would 
represent an annual saving of at least $25,000,000 to the 
lumber business. To the customer it would mean a 
reduction of from 2 to as much as 30 per cent in freight 
charges, a superior product on which wastage would be 
markedly reduced, and, therefore, a lower price level 
for the ultimate product. Many manufacturers of high- 
grade wood products have their own kiln drying plants 
in order to insure a supply of well-dried wood. 

The example cited covers a material in which diffusion 
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Fic, 11—Errect or PressurE ON WEIGHT OF AIR FOR DryING 
Entering and emergent air sat- 
rated. 


Water evaporated, 220 Ib. 


from the interior is not as rapid as surface evaporation 
and where shrinkage and skin effect are important. 
With thin sheets of paper diffusion and surface evapo- 
ration are practically merged. Shrinkage and color 
fading become important items. The moisture content 
of such paper products, when exposed in single sheets 
to the atmosphere, changes instantly with the slightest 
changes in humidity. Here heat and humidity must be 
carefully controlled. Where the thin sheets are in rolls 
the paper may be dried quickly with a low vacuum which 
makes possible the use of temperatures about 100 degrees 
higher than can be used under atmospheric pressure. 


Physical Structure of the Product Influences the 
Method 


The shape and physical structure of each product thus 
markedly influences moisture diffusion from its interior, 
surface evaporation, shrinkage and skin effect. Indi- 
rectly these four physical factors determine the drying 
rate and therefore the choice of the combination of 
drying factors which will give the best drying methods. 
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Shanghai Has Air Conditioned Building 


By Cyril L. Tilburn* 

ye Bete Sassoon House, Shanghai, China, is a 12- 

story building, the largest in the Far East, cover- 
ing the end of a block about 50,000 sq. ft. in area and 
situated in the hub of the business and shopping dis- 
tricts. It stands as a feature of the rapid develop- 
ment of western civilization in a land famed for its 
adherence to tradition. From its technical aspects 
this structure has been a distinct step towards under- 
takings on an unprecedented scale following western 
ideas. 

The building houses banks and shops on the 
ground and mezzanine floors with additional interior 
frontage to three arcades which pass through the 
block. The first to third floors contain offices of 
numerous business firms, in addition to those en- 
gaged in professional work, and the Chinese govern- 
ment radio station operates from here also. The re- 
maining portion of the building is arranged as a 250- 
room hotel. 


Forced Hot Water Heating 


The heating system is an accelerated hot water, 
two-pipe one. All circuits are divided into separate 
mains for controlling banks, shops, offices, and hotel 
separately on account of the variety of these ten- 
ancies. The system of heating is arranged on two 
levels with ground to third floor separate from the 
remainder of the building. Although the principles 
are the same the method of valving circuits are ap- 
preciably different. 

On account of the mobility that rentable spaces 
demand for the alterations that usually occur, with 
the partitioning arrangement varying with the type 
of tenant, valves were fixed on all risers so that alter- 
ations are made without inconvenience to service. In 
the case of the hotel the mains were divided into 
eight sub-circuits controlling equal areas. All piping 
serving the low level passes through the “raft” which 
extends under the whole area of the building, with 
mains arranged in suitable vertical pipe shafts in the 
usual way. 

Domestic Hot Water 

Three 1250-gal. storage tanks are arranged for hot 
water supply to the hotel, and one 1000-gal. tank for 
the balance of the building. Heat generation is by 
the usual battery of steam coils with temperature 
ranges thermostatically controlled. All condensate 
drainage passes through steam traps to a common 
condensate tank and is returned by pumps to the 
steam boilers. 

The Boiler Plant 

Six 3,000,000-Btu boilers are arranged as: 

(A) 2 Steam 

(B) 2 Steam, or direct hot water heating 

(C) 2 Hot water heating 

Their uses are: 

(A) Normally two boilers are in operation, serv- 
ing steam to the kitchens and hotel services, in addi- 
tion to the usual domestic requirements. During 
winter months a third boiler is in service to handle 


*Engineer-Superintendent, Sassoon House, Shanghai. 
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the extra demands for heating. 

(B) Spares to A and C. 

(C) Heating from ground to third floors. 

All boilers are steel flue and return tube type of 
5,000,000 Btu capacity each, and are oil-fired. 

Refrigeration Plant 

\ central refrigeration system is arranged with 

Id rooms and boxes literally scattered throughout 
the building, with branches to tenants outside of the 

‘tel. The system is brine-cooled. Refrigeration is 

vy means of ammonia compressors in the basement 

ljacent to the boiler room. All other mechanical 
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equipment with the exception of pumps, such as con- 
densers, brine coolers, etc., is arranged in the back- 
vard a few feet away. 

The refrigerating machinery consists of three units 
inter-connected to serve the central refrigerating sys- 
tem or the air cooling system of the air conditioning 
plant. 

Air Conditioning Plant 

Air washers are arranged in two sections of the 
eighth floor which supply air conditioning to public 
rooms of the hotel situated on the eighth, ninth and 
tenth floors. All equipment is hand-controlled. 
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“Open for Discussion” 


N THE article “Piping Improvements Reduce Cost 
of Pumping,” (HEeaTING, PrpInc AND Arr ConpI- 

TIONING, October, 1931, page 836), the velocity head is 
calculated and assigned to a length of 100 ft. This 
method is in error because the velocity head is present 
whenever water is flowing with a certain velocity and 
is entirely independent of the length of pipe. 

Then I notice also that loss in head due to an elbow is 
calculated as 0.46 v*/2g. 

I think this is too low for the elbow shown in the il- 
lustrations. As a general rule the loss of head in a cast 
iron elbow is v*/2g. 

There is a difference between a pipe bend and an 
elbow. In a pipe bend the loss of head is produced 
by the change in the direction of flow and by the friction 
within the pipe. In an elbow the loss of head is pro- 
duced by the change in the direction of flow, by the 
friction within the pipe, and by the friction resulting 
from the sudden enlargement of the path from the 
pipe to the elbow and the sudden contraction from the 
elbow to the pipe. 

The loss of head in a pipe bend varies with the radius 
of the bend. The values in “Hydraulics” (King and 
Wisler) quoted in the article, are of the losses of head 
in pipe bends produced by the change in the direction 
of flow; to these values must be added the loss of head 
produced by the friction within the pipe, in order to 
secure the total loss of head in the pipe bend. For ex- 
ample, for a pipe bend having a radius of 2 ft., the book 
gives a value of 0.28 7*/2g; this is equal to 0.44 ft. for a 
velocity of 10 ft. per sec. The length of the pipe bend 
is about 3.14 ft.; for this length and a velocity of 10 
ft. per sec. and a l-in. pipe, the friction head is about 
1.31 ft. The total loss of head in the pipe bend is there- 
fore 0.44 plus 1.31, or 1.75 ft. 


It should be evident from these explanations that the 
values of coefficients quoted in King and Wisler’s “Hy- 
draulics” for pipe bends cannot be used to represent the 
losses of head in ordinary elbows, such as are shown in 
Fig. 2 of the article, page 838, and referred to in the 
corresponding calculations of the article in question. If 
we place the loss of head in these elbows equal to 
0.46 v?/2g we make an error of at least 50 per cent. 

Readers interested in losses of head in elbows can 
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secure valuable information from Bulletin 222, En- 
gineering Experiment Station, University of Illinois. 


—F, E. Giesecke. 


EFERRING to the article on a heat sensitive paint 
which appeared on page 86 of the January HeEar- 
ING, PrpING AND AIR CONDITIONING, I claim no credit 
for the paint described. I was badly in need of such a 
paint when developing the steam cooling system for 
automobiles, as I had found it impossible to determine 
how the steam was distributed throughout the radiator, 
or condenser. I tried for several years to find some 
chemical that would change color with temperature with- 
out success until I saw an article by W. S. Andrews. 
It seems to me this paint should be very useful in 
every laboratory or power plant, to indicate unmistakably 
whether a surface is hot or cold—S. W. Rushmore. 





Conventions 
and Expositions 


American Oil Burner Association: Annual convention, 
April 11-16; Mechanics Building, Boston, Mass. Secre- 
tary, H. F. Tapp, 342 Madison ave., New York City. 


Heating and Piping Contractors National Association: 
Annual convention, May 16-18; Book Cadillac Hotel, 
Detroit, Mich. Secretary, Joseph C. Fitts, 50 Union 
Square, East, New York City. 

National Electric Light Association: Annual con- 
vention, June 6-10; Atlantic City Auditorium, Atlantic 
City, N. J. Secretary, A. J. Marshall, 420 Lexington 
ave., New York City. 

National District Heating Association: Annual con- 
vention, June 14-17; William Penn Hotel, Pittsburgh, 
Pa. Secretary, D. L. Gaskill, Greenville, Ohio. 

American Society for Testing Materials: Annual 
meeting, June 20-24; Atlantic City, N. J. Secretary, 
C. L. Warwick, 1315 Spruce st., Philadelphia, Pa. 

American Society of Mechanical Engineers: Spring 
meeting, June 27-July 1; Bigwin Inn, Lake-of-Bays, 
Ontario, Canada. Secretary, Calvin W. Rice, 33 W. 


39th st., New York City. 
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Field Studies of Office Building Cooling 


By J. H. Walker:, S. S. Sanford? (MEMBERS) and E. P. Wells (NON-MEMBER) 
Detroit, Mich. 


Report of research conducted in co-operation with the Committee on Research of the 
American Society of Heating and Ventilating Engineers 


HERE is a tendency in ventilating system design 
to copy previous work without an adequate 
check-up of actual performance. A great many 
mistakes could doubtless be avoided, particularly in a 
relatively new field such as building cooling, if design 
methods were carefully correlated with field experience. 


The tests described in this paper were made because 
the authors felt that some actual results of the per- 
formance of a building cooling system would be of con- 
siderable value to designers of such systems. Because 
the tests were conducted under conditions which approxi- 
mated ordinary operating conditions, it was impossible 
to control some of the factors as accurately as would 
be done in a laboratory test, and this should be borne in 
mind in making use of the results. 


The work was done in the Union Guardian Building 
in Detroit, shown in Fig. 1. It is a 40-story building 
of which the lower 16 floors and two basements are 
artificially cooled. The air-conditioning system has been 
previously discussed,* but the following is a brief descrip- 
tion of the important features. The building is of more 
or less typical office building construction having brick 
walls, backed up with hollow tile, and with two large 
steel-sash windows per bay. The heating as well as 
the cooling requirements are taken care of by a fan 
system. Air enters each room through one or more 
ceiling diffusers which discharge horizontally in all di- 
rections except towards the windows and the exhaust is 
taken care of by grilles in the office partitions through 
which the air finds its way to the corridor and thence to 
the two recirculating risers. The system is zoned and 
each zone is equipped with a variable speed fan, making 
it possible to control the temperature on different sides 
of the building in summer by varying the volume of air 
supplied. Data regarding the building and air condi- 
tioning system are given in Table 1. 


The maximum weather conditions in Detroit for which 
cooling systems are designed are approximately 95 F 
dry bulb and 75 F wet bulb. The Union Guardian 
Building is used for banking, trust company and tenant 
office purposes. The temperature carried on the office 
floors varies from 73 F dry bulb and 60 F wet bulb to 
79 F dry bulb and 64 F wet bulb, depending upon the 


‘ Superintendent of Central Heating, The Detroit Edison Company. 
*Sales Engineer, The Detroit Edison Company. 
Air Conditioning Engineer, Union Guardian Building. 


* Air Conditioning System of a ~~ Office Building, by H. L. Wal 
ton and L. L. Smith (A. S. H. Transactions, Vol. 35, 1929); also, 

eration of an Air Conditioning ym in a Large Office Building, by 
E tl P. Wells, (Heating & Ventilating, September 1931, p. 62). 


Presented at the 38th Annual Meeting of the American Society oF 
ENGINEERS, 
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outside temperature. The temperature in the lobby is 
about one degree higher than in the offices and that in 
the basements about two degrees lower than in the offices. 
The various factors which comprise the cooling and 
dehumidifying load of a building are as follows: 
I. Load due to weather conditions: 
1. Heat transmission through walls and roof, 


Heat transmission through window glass. 
Sun radiation through window glass. 


& w vo 


Heat and moisture in make-up and leakage air 


| 
| 
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Fic. 1—Union Guarpian BuILpING 
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II. Load due to occupancy : 
5. Heat from lights. 
6. Body heat and moisture from occupants. 
7. Heat and moisture from machinery, piping and 
processes. 


The tests herein described were confined to one factor 
in the total cooling load of the building, namely, that due 
to external weather conditions, and involve items 1, 2 
and 3, which are the items of perhaps the greatest uncer- 
tainty in cooling calculations. The studies comprised 
several phases as follows: 

A. Determination of cooling requirements of the four ex- 
posures of the building. 

B. Measurement of the flow of heat through the building 
wall, 

C. Studies of the temperatures of the wall. 

D. . Studies of the overall cooling load of the building. 


Determination of the Cooling Requirements of the 
Four Exposures of the Building 


The cooling requirements of the four sides of the 
building were determined by taking four rooms of 
identical size and exposure on the different sides and 
measuring the temperature and quantity of cooled air 
which was required to maintain the rooms at an equal 
and constant temperature throughout the working day. 
These rooms were specially constructed test rooms on 
the twelfth floor of the building and were located as 
shown in Fig. 2. 


oy 
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TaBLE 1—Union GuarpIAN Buitpinc—Puysicat Data 


Boliding height ..........scccccess 40 stories 

A a can vetegesdeken 80 ft x 270 ft 

Air-conditioned floors ............+- 16 lower floors and 2 base- 
ments 

Air-conditioned volume ............ 2,962,600 cu ft including 
toilets, inside stairs, and 
elevator shafts 

Air-conditioned area .............. 225,986 sq ft rentable area 

Number of occupants in air-condi- yes 

RS a cin & i's ws 4 uso aka’ 1850 

Refrigeration capacity ............. 600 tons 

SN oaks sews ca's's be Kew out 3—200 ton CO, 

Compressor motors .............4. 3—300 hp 4600 v_ direct 
drive, synchronous 

Dehumidifiers ....................5 with direct expansion 
evaporating coils 

ES EE er rE ae FU 

PRE rae ee ee ee 10 circulating (no general 
exhaust fans) 

EE LOE rT Te - Double-pipe, using city water 


They were approximately 14 ft 8 in. wide and 17 ft 
deep, taking in almost the width of a bay of two win- 
dows, and had walls made of ™% in. rigid insulation 
nailed to wooden studding. The exterior of one of the 
rooms is shown in Fig. 3. There were two openings 
in each room, one being a small doorway through which 
observers entered the room and which was kept closed 
except when someone was 
passing through it. The other 
opening, located about 18 in. 
from the ceiling and to one 
side of the door, was the air 
outlet from the room and was 
approximately 21 in. x 12 in. 








SOUTH 
TEST ROOM 


Fic. 2 — FLoor 
PLAN OF BUILDING 


NICHOLLS HEAT SHOWING TEST 
FLOW METERS Rooms 
Fic. 3 — EXTERIOR OF 


Test Room 
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Fic. 4—InTeERIOR OF Test Room 


The interior of one of the test rooms is shown in 
Fig. 4, and a section and the elevation of the outside 
wall in a test room is shown in Fig. 5. The windows 
are equipped with Venetian blinds which were adjusted 
during the tests so as to cover the upper half of the 
window, with the slats in a horizontal position. The 
windows are of plate glass 4% in. thick, and the window 
frames and sash are of steel. 

Normally, air is delivered to the offices through square 
ceiling diffusers, two to each bay. 
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perature in the furred space above the test rooms was 
read with thermometers thrust up through holes drilled 
in the ceiling; that in the furred space beneath the test 
rooms was obtained by thermometers through the ceil- 
ing below. The temperature outside the building wall 
was obtained from a thermocouple shielded by an insu- 
lated container having a bright metal surface with the 
container arranged for a free flow of a:r up through it. 

The temperature of the entire twelfth floor was main- 
tained as nearly as possible equal to that in the test rooms. 
The temperature above the ceiling ranged from 72 to 76 
F and that below the floor of the test rooms ranged from 
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Fic. 6—Cross-s2cTIon OF FLooR AND CEILING 


74 to 76 F. Except for the error caused by the differ- 
ence in temperature between the test rooms and the space 
above and below, the heat removed from the room, as 
indicated by the quantity and temperature rise of the 
air supplied, should be substantially equal to the heat 
entering the room through the exposed side. In caleu- 
lating the net amount of heat entering the test rooms, 
a correction was made for differences in temperature 
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In the test rooms, the ceiling dif- 
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fusers were removed because it | | ¥ 
was difficult to regulate and meas- 
ure the air coming from them and | 
one of the openings in the ceiling | 
was plugged. An 8 in. circular “~ af | 
sheet-iron duct with a_ butterfly 5 xy | 
damper in it was attached to the aa ae | c) 
other ceiling opening and all of the : ead = — , 
air was delivered to the room L(94 k 4'- 9 ele 29d mil + 9% 4/42 
through this. The duct extended i I 
to the floor and back toward the 
ceiling as shown in Fig. 4, and the a | 
volume of air was determined by 4 | 
an anemometer held in the outlet 
of the duct. 
The floor and ceiling construc- | _g’-sf' |, ae a Lene 4-6" wi. 2-84". 
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The silver disk (a) is bored radially to admit the bulb 

of the angle thermometer (b). Provision is made 
for good heat conduction between the silver disk 
and the thermometer bulb. The silver disk is 
enclosed by a copper cylindrical box (c) which 
in turn is enclosed by a wooden box (d) to pro- 
tect the instrument from temperature changes. 
Sunlight is admitted through the tube (e) 
which is provided with a number of dia- 
phragms (f) having circular apertures. A 
rotatable shutter (g) is used for cutting 
off the sunlight when desired. The entire 
interior of the tube (e), the box (c), and 
the silver disk (a) are painted dead 
black. With the instrument pointed at 
the sun, thermometer readings are 
taken at intervals of 20 seconds and 
100 seconds with the shutter alter- 
nately open and closed and from 
these the rate of temperature rise 
per 100 seconds during exposure 
can be calculated. By using 
the factors furnished by the 
Smithsonian Institution with 
the instrument, the readings 
can be reduced to Btu per 
square foot per hour re- 
ceived from the sun over 
an area normal to the 
sun’s rays. 
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between the test rooms and the surrounding space in the 
building. Obviously, no extreme degree of accuracy can 
be claimed for these tests. The air temperature through 
the room varied somewhat as did the surrounding tem- 
peratures and there were other small sources of error; 
but, bearing in mind that they are field tests and not 
laboratory tests, the method used should be acceptable. 
It was, of course, anticipated that a large portion of 
the load would be due to sunshine through the window 
glass and provision was therefore made to measure the 
solar radiation, with the idea of arriving at some corre- 
lation between solar radiation and cooling load. The 
instrument used was the Abbot pyrheliometer, shown 
in section in Fig. 7. It operates on the principle of 
measuring the rise in temperature of a block of silver 
which is exposed to the sun’s radiation. The readings 
can be expressed in Btu per square foot per hour, the 
area being taken in a plane normal to the sun’s rays. 
After the tests were completed the anemometers were 
calibrated for the conditions under which they were 
used by passing a known quantity of air through a circu- 
lar duct which was a duplicate of that used in the test 
rooms and noting the relation between anemometer read- 
ings and the true quantity of air flowing. 
Pyrheliometer readings were taken from the top of the 
south tower of the Union Guardian Building. On Sep- 


tember 10, 11 and 12, 1931, a series of days with maxi- 
mum outdoor temperatures of 90 F and over, determina- 
tions of solar radiation with the pyrheliometer were made 
frequently throughout each day during the time the room 
tests were in progress. 
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In order to determine the solar radiation entering the 
rooms through the window glass, observations from 
within a room were made with the pyrheliometer with 
the window alternately open and closed. These readings 
indicated that from 12 to 20 per cent was cut off by 
the glass. Experiments by F. C. Houghten and Carl 
Gutberlet® indicated an absorption by glass of from 8.9 
to 16.5 per cent and experiments by the U. S. Bureau 
of Standards referred to in the same paper showed the 
absorption of window glass to be 18 per cent. Of the 
radiation which does not pass directly through the glass, 
part is absorbed and part reflected. Of that which is 
absorbed, part is delivered by the glass to the room. It 
was therefore assumed that of the total solar radiation, 
93 per cent was delivered to the room and the other 7 
per cent reflected or transferred by the glass to the 
outdoor air. 


Results of Tests 


Pyrheliometer readings for Friday, Sept. 11, 1931, are 
shown in Fig. 8. The time shown in this figure and 
throughout the paper is Eastern Standard (75th Mer- 
idian) time. 

The results of the cooling tests in the four test rooms 
for Sept. 11, 1931, are given in Tables 2 and 3 and in 
Fig. 9. Similar tests were made on other days but the 
data for Sept. 11 are especially important because this 
was a day of continuous bright sunshine. In Fig, 9 the 
data are plotted separately for each test room. The 
actual cooling load is the rate of removal of heat from 
the room by the cooling air as determined by the 
anemometer readings and the rise in temperature of the 
air in passing through the room. As defined here it 
did not include the dehumidifying load due to moisture 
from people and from outdoor air. The volume and 
temperature of the air are given in Table 3. Conduction, 
glass is the calculated rate of heat transmission through 
the glass in the two test room windows based upon 
Weather Bureau temperatures and observed room tem- 
peratures 5 ft from the floor. The U. S. Weather Bu- 
reau station is located two blocks from the Union 
Guardian Building. Sunshine through glass is the cal- 
culated rate at which solar radiation enters the test rooms 
through the two windows. It was obtained by reducing 
the solar radiation as observed out-of-doors by 7 per 
cent and multiplying this by the area of sunshine on a 
plane normal to the sun’s rays. The net calculated load 
is the algebraic sum of the heat entering the room by 
conduction through the glass, solar radiation through the 
glass, transmission through the outer wall, heat from the 
observers during the few minutes they were in the test 
room and heat entering or leaving the test room because 
of difference in temperature between the room and the 
surrounding space in the building. 

It is noteworthy that the amount of heat entering 
through the wall was too small to plot in Fig. 9. The 
Nicholls’ heat meter readings for this day on a southerly- 
exposed wall indicated that the flow of heat from the 
wall to the room was only about 1.7 Btu per square 
foot per hour when the room temperature was 75 F 
On this basis the heat from the wall to the room was 





Radiation in Its Relation to the Temperatur: 
Characteristics of the Absorbing Surface, 
E. Transactions, V' 


5 Absorption of Solar 
Color, Angle and Other 
F. C. Houghten and Carl Gutberlet (A. S. H. V. 
36, 1930). 
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SOLAR RADIATION, BTU PER SQ FT PER HOUR 


calculated to be 125 Btu per hour in the east and west 
rooms and 135 Btu per hour in the north and south 
rooms, these rooms having a slightly larger wall area. 
The heat from the wall was assumed constant although 
it did appear to decrease somewhat during the day. 

No allowance was made for infiltration. On the day 
of the test the wind velocity did not exceed 12 mph and 
it was assumed that the pressure in the test rooms was 
sufficient to prevent infiltration. Air which may have 
leaked outward was assumed to have the same tempera- 
ture as that leaving the room through the outlet and 


TABLE 2—ATMOSPHERIC CONDITIONS, SEPTEMBER 11, 1931 
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60 


ALTITUDE SUN 


40 


DEGREES 


RADIATION 
DIATIO 20 


ALTITUDE, 


100 


90 


60 


TEMPERATURE, F 


70 


was included on that basis in the computation of the 
cooling load. 


Discussion of Results 


The rapid fluctuation in intensity of solar radiation 
shown in Fig. 8 may be attributed partly to changes in 
atmospheric conditions and partly to errors in observa- 
tion. The seasonal variations in solar radiation do not 
appear to be great if days having a clear bright sky 
are compared. Readings taken during the middle of 
the day over the period from August 15 to November 
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13 show little change. Seasonal variations in the posi- 
tion of the sun do, however, have an effect on the solar 
radiation entering through the windows. On June 21 
with the sun high in the sky the normal area of sunlight 
entering through a window is a minimum. Likewise the 
normal area is a maximum on December 21. It follows 
that flat roof surfaces of a building receive the maximum 
amount of radiation in June whereas walls and windows 
receive their maximum later in the year. At noon in 
the latitude of Detroit the amount of heat received by 
vertical and horizontal surfaces on June 22 and Septem- 
ber 11 expressed as a percentage of that received by a 
surface normal to the sun’s rays is as follows: 


Vertical Surface Horizontal Surface 
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Fig. 9 shows that solar radiation through the window 
glass accounts for the largest part of the cooling required 
in the test rooms. The north room which received no 
sun needed a very small amount of cooling compared 
with that required in the other rooms. The effect of 
sunshine is especially evident in the west room where 
the amount of cooling required increased rapidly shortly 
after the sun began to shine in through the windows. 
In the latter part of the afternoon when the building 
across the street shaded this room, it was necessary to 
reduce immediately the amount of cooling air to prevent 
the room temperature from falling. 

The large amount of heat entering a building through 
the windows in the form of solar radiation suggests 
that it would be wise to use some type of awning or 
shield. to prevent sunshine from reaching the window 
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glass. Venetian blinds and other types of inside window 
shades do not prevent solar radiation from entering 
through the glass although they doubtless do reflect some 
of it out again. Tests made on two successive days in 
the latter part of September, one day with the Venetian 
blinds covering the whole window and with the slats 
closed and the other day with the blinds up, entirely 
exposing the windows, showed that the rooms required 
as much ceeling with the blinds as without them. It 
is possible that further tests would show that the blinds 
do make some difference but than commonly 
supposed. 

As a matter of interest to determine the absorption 
of solar radiation by double windows, pyrheliometer 
readings were taken through two panes of ™%-in. plate 
glass spaced 134-in. apart. The panes of glass were as 
clean as it was possible to make them. The absorption 
was 16.7 per cent through one pane of glass and 37.5 
per cent through two panes. This indicates that double 
windows are of value in the summer in reducing the 
solar radiation entering through the windows as well as 
in reducing the amount of heat entering by conduction. 


less 


In all test rooms the actual amount of cooling re- 
quired was less than the net calculated amount of heat 
entering the test rooms. In general the discrepancy 
was greater when the sun was shining in through the 
windows than at other times indicating that a large part 
of the error was in calculating the solar radiation deliv- 
ered to the room. There are several possible explana- 
tions for this: 


1. The window glass in the test rooms was not perfectly clean, 
whereas pyrheliometer readings taken to determine the absorption 
of solar radiation were made with clean glass. It is thus possible 
that the assumed loss in solar radiation in passing through the 
glass was too low and that the actual amount of heat delivered 
to the rooms was less than calculated. 

2. During the tests the blinds were let down from the top as 
far as the meeting rail of the windows but were opened so that 
the slats lay in horizontal planes. This in general prevented the 
sunshine entering through the upper sash from striking the floor 
or walls of the room. The area of sunlight was calculated as 
though the blinds had not been there. It is possible that some 
of the heat was reflected out through the glass by them. 

3. The temperature of the window glass is increased by the 
absorption of solar radiation and therefore the transmission of 
heat from the outdoor air through the glass is decreased and was 
probably less than calculated. 

4. It is probable that part of the solar radiation striking the 
floor and interior walls was absorbed by them and transmitted 
to the spaces outside the room. 


The lag in the cooling load in the south test room 
after the sun stopped shining through the windows was 
doubtless due in part to the heat being given up to the 
room by the floor and walls on which the sun had been 
It will be noted from Fig. 9 that in the south 
room the temperature was above 75 F during the time 
the sun was shining in through the windows. This is 
because the part of the system serving this room did 
not deliver air of a sufficiently low temperature nor 
enough air to cool this room to 75 F. 


shining. 


The air quantities and temperatures are given in Table 
3. The lowest air inlet temperature for the day in this 
room was 64.5 F whereas in the west room a temper- 
ature of 59 F was reached. The fan for the south end 
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of the building ran at full speed from 9:30 a. m. to 1 
p. m. but the air pressure in the supply duct was not 
great enough to supply sufficient air through one diffuser 
opening to handle the cooling load. If a temperature 
of 75 F had been maintained in the south room the actual 
cooling load would have been considerably higher. 


The heat transmitted through the glass by conduction 
was calculated from the Weather Bureau temperatures. 
The first column in Table 3 indicates that the tempera- 
ture varies on the different sides of the building but 
these temperatures were not considered sufficiently accu- 
rate to use in the calculations. 


The calculated heat flow through the outside wall into 
the test rocms based entirely on inside and outside tem- 
peratures varied from approximately —80 Btu per hour 
(flow outward) at 7 a. m. to + 315 Btu per hour at 
4 p. m. when the outside temperature was a maximum. 
Such calculations assume that equilibrium has been estab- 
lished through the wall. This assumption is, of course, 
incorrect in this case because the temperatures do not 
remain constant long enough to establish equilibrium. 
In view of this, the assumption used in this paper of 125 
to 135 Btu per hour through the outside wall of the test 
rooms based on Nicholls’ heat meter readings seems 
reasonable. At any rate, the heat entering through the 
wall is small compared with that through the windows, 
the calculated transmission through a test room wall 
being approximately 16 Btu per hour per degree differ- 
ence and that through the windows 75 Btu per hour per 
degree. Just before 4 p. m. when the solar radiation 
entering the west test room was at a maximum, the heat 
through the wa!l accounted for only about 2 per cent of 
the heat being removed from the room by the cooling air. 

As shown in Fig. 5, the test rooms were about 2 ft 
4 in. narrower than a full bay. Because the amount 
of heat entering through the wall is so small, however, 
compared with the total, the results shown in Table 3 
and Fig. 9 may be taken as substantially correct for a 
full bay. While the total amount of heat removed from 
the test rooms may be assumed the same as that from 
a standard office (neglecting lights and people), a lower 
rate of air renewal would be required in a standard 
office because of its greater width and depth. In the 
west test room under peak conditions air had to be sup- 
plied at the rate of about 375 cfm and at a tempera- 
ture of 59 F in order to maintain a room temperature 
of 75 F. This amount of air is equivalent to six changes 
per hour in the office which would occupy the entire 
bay. 

The results obtained in the test rooms cannot be con- 
sidered typical of the total load of the building because 
of several factors: 


1. Whereas the temperature of the air inside the test rooms 
was kept fairly constant, the inside temperature of the building 
as a whole varies with the outdoor temperature, being permitted 
to rise as high as 79 F during the hottest weather. 


2. The test rooms had no lights and practically no occupants, 
while the building load was increased by the removal of heat and 
moisture from the occupants, heat and moisture from outdoor 
air taken into the system and heat from electric lights, fans, 
pumps and miscellaneous motors. The amount of outdoor air 
was 10 per cent of the total amount circulated except when the 
outdoor wet-bulb temperature was below 60 F when the amount 


of fresh air was increased to 50 per cent of the total and except 
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also for an outdoor temperature of over 92 F when the fresh 
air intake was often closed. 

3. Two basements were air conditioned, which were unaffected 
by outdoor temperature or sunshine. 


Measurement of Heat Flow Through Wall 


The heat flow into and out of a section of the wall on 
the south exposure of the building was studied by means 
of two Nicholls’ heat flow meters® placed directly oppo- 
site each other on the two surfaces of the wall. The 
wall at this point was made up as follows starting at 
the interior surface: plaster, 1%4-in.; tile, 334-in.; air 
space, 514-in.; tile, 334-in.; and brick, 9 in. The con- 
struction of the walls between the windows in the test 
rooms differed in that two courses of brick on the 
exterior were backed up solidly with brick and tile and 
one inch of plaster with no air space in the wall. The 
Nicholls’ meter is particularly adapted to measuring the 
heat flow through walls of low conductivity and it is 
probable that the error introduced by the insulating 
effect of the meter plates themselves is small. There 
is an error, difficult to determine, caused by the differ- 
ent surfaces of the meter plate and the brick wall, an 
error which was probably greater in the case of the 
outside meter than the inside meter because the amount 
of absorption of radiant heat from the sun was in- 
creased due to the black surface of the meters. This 
is indicated by the fact that the temperature beneath 
the surface of the meter was slightly higher than the 
temperature of the surrounding wall surface. 

Fig. 10 shows clearly how little of the heat entering 


®*The Nicholls’ heat flow meter is described in the paper, Measuring 
Heat Transmission in Building Structures and a Heat Transmission 
Meter, by P. Nicholls. (A. S. H. V. E. Transactions, Vol. 30, 1924, 
page 65). It consists of a thin plate of formica with a series of thermo- 
couples on each surface. The meter is calibrated in the laboratory by 
determining the relation between heat flow through it and the tempera- 
ture difference between the two series of thermocouples, also taking 
into account the surface temperature of the meter. It is fastened to the 
surface of the wall and the heat flow through the meter, as indicated by 
the thermocouple readings, is obviously equal to the heat entering or leav- 
ing the wall surface. 
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the outer surface gets through the waii into the room. 
The sun began striking this wall at about 10:15 a. m. 
so that from that time on the heat absorbed by the wall 
was much greater than if the wall had been on the 
shady side of the building. 

During the 24 hours from midnight to midnight on 
Sept. 11 the amount of heat passing through the two 
meters was as follows: 


Heat entering outer surface of wall..243 Btu per square foot 
Heat given up by wall to outside air.135 Btu per square foot 





Net heat entering outer surface...... 108 Btu per square foot 


Heat delivered by wall to room...... 29 Btu per square foot 
Heat delivered by room to wall...... 3 Btu per square foot 


Net heat delivered to room.......... 26 Btu per square foot 


This leaves 82 Btu per square foot entering the outer 
surface which did not appear at the inner surface 
Part of this doubtless was carried off through the ain 
space in the center of the wall and the balance doubtless 
went to increase the temperature of the wall. Fig. 11 
shows some evidence of this as the temperature of the 
inner surface of the wall increased from day to day and 
the temperature of the outer surface was also higher 
each night. Calculations indicate that each square foot 
of wall would require 28 Btu to raise its temperature 
only one degree. 

A study of Figs. 10 and 11 indicates that it takes many 
hours for heat to pass in through the wall. The maxi- 
mum absorption by the outer surface occurs from noon 
to 2 p. m., whereas during the night the inner surface 
of the wall delivers heat to the room at an increasing 
rate up to 7 a. m. when the air-conditioning systeti is 
started. The temperature of the inner surface of the 
wall rises during the night above the temperature of the 
air in the room indicating that this surface must be 
receiving heat from the interior of the wall. 
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Fic. 11—Watt TEMPERATURES DurinNG Heat METER TEsTsS 


Fig. 11 shows the effect of the windows on room 
temperature. At 5 p. m. when the air-conditioning sys- 
tem is shut down and when the outdoor temperature 
is still high the indoor temperature rises rapidly to a 
point above the temperature of the inner wall surface, 
then drops during the night to a point below the temper- 
ature of the inner surface of the wall as the outside 
temperature drops. Thus the outdoor temperature acting 
through the window glass swings the indoor temperature 
up and down somewhat independently of the wall tem- 
perature, 


It frequently occurs that heat is flowing into a wall 
from both surfaces at the same time or flowing out of a 
wall from both surfaces at the same time. Such condi- 
tions are indicated in Fig. 10. The wall gives up heat 
to the outdoor air all night but after midnight when 
the room is cooler than the inner surface of the wall, 
heat is also being delivered to the room. Likewise during 
the day, if the indoor temperature is allowed to rise 
above the temperature of the inner surface, heat will 
flow into the wall from the room at the same time that 
the outer surface is absorbing heat. This occurred 
during the afternoon of Sept. 10 when the room tem- 
perature in the place where the heat meter was located 
rose to nearly 79 F before it was checked by opening 
the damper in the ceiling outlet. It was more difficult 
to control room temperature by adjusting the standard 
ceiling outlet than by adjusting the dampers in the test 
rooms. This partly accounts for the fluctuations in 
room temperature shown in Fig. 11. 


Table 4 gives wall and floor temperatures taken in the 
west test room. It is rather remarkable that the wide 
fluctuations in the temperature of the outer part of the 
wall have so little effect on the temperature of the room 
side of the wall. The temperature 1 in. beneath the 
interior surface varied only 2 deg in 24 hours. The 


temperature of the steel column is even more stable, 





varying only 1 deg in 24 hours. In the floor at a point 
1 in. beneath the surface, the 24-hour variation was / 
deg. At a point 8 in. deep, the variation was 1 deg. 
All of this shows that the temperature of the interior 
building structure is very stable and that if it were not 
for the disturbance caused by heat entering through the 
window glass, temperature regulation in the summer 
would be a simple matter in an air-conditioned building. 

Another striking fact is the utter insignificance of 
the wall conduction in the total cooling and dehumidify- 
ing load. Fig. 12 shows the relative magnitude of the 
various components of the cooling and dehumidifying 
load as calculated for a typical bay having the exposure 
of the south test room at a time when the sun radiation 
effect is near its maximum. The following assumptions 
were made: 


Indoor dry bulb, 75 F; wet bulb, 62 F. 

Outdoor dry bulb, 85 F; wet bulb, 72 F. 

Air supply to room, 500 cfm. 

Make-up, 10 per cent of air supplied. 

Normal occupancy of room, 5 people. 

Two 200-watt lamps, two more not in use. 

Power for fans and pumps, average per bay for building. 


Of all the factors, the heat entering through the wall 
is of least importance while the solar radiation through 
the glass is the most important factor. It should be 
pointed out that solar radiation through windows is not a 
constant and that at other times during the day the 
amount is less than shown here. The heat from elec- 
trical power used by fans and pumps was obtained by 
assuming that 90 per cent of the heat equivalent of the 
electricity becomes a part of the cooling load. 

All of the data shown in Fig. 12 should not be taken 
as the average for the building because the solar radia- 
tion, number of lights, and number of people will vary 
in different parts of the building. Also there are other 
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TABLE 4—WALL AND FLoor TEMPERATURES, West Test Room, SEPTEMBER 11, 1931 





























Wat Temperatures, Dec Faur 
At, 1 In. ee - ens 

Tm rrom EXTERIOR 1 In. Beneata 1 In. Benegata 
Sensece Exranion EXTERIOR INTERIOR 
SURFACE SURFACE SuRFACE 
1A. M. 80.0 81.1 83.0 79.4 
2 79.2 80.4 82.4 | 79.3 
3 77.6 79.4 81.8 | 79.4 
4 77.4 78.6 | 80.7 | 79.3 
5 74.4 76.2 | 79.8 79.3 
6 72.5 me - 78.5 | 79.2 
7 71.8 74.9 77.4 79.2 
8 71.7 74.4 76.6 = | 78.7 
9 | 75.7 76.7 7.7 | 78.2 
10 81.8 80.7 79.7 | 78.6 
11 84.6 82.7 81.8 78.5 
12 | 89.0 | 86.8 84.6 78.3 
1P.M. | 94.3 | 93.4 | 80.7 | 77.9 
2 | 96.5 100.2 | 9.5 | 78.0 
3 | 97.9 104.8 100.2 78.1 
4 99.7 108.0 104.4 77.9 
5 94.4 98.8 99.7 78.2 
6 93.0 94.6 96.4 77.9 
7 89.8 91.9 93.9 78.3 
8 87.2 89.4 91.5 78.7 
9 85.3 87.6 89.6 79.2 
10 82.9 85.7 87.7 79.5 
ll 81.9 84.3 86.4 79.7 
12 80.2 83.1 85.3 79.9 














sources of heat not listed here such as infiltration, hot 
water piping, and miscellaneous electric motors. 


Total Cooling Load of the Building 


Another phase of the work was a study of the total 
cooling and dehumidifying load of the entire system to 
determine its variation with outdoor temperature and 
amount of sunshine. The cooling and dehumidifying 
load was determined by subtracting from the heat re- 


| 


| 
| 


Fioon Temerraturers, Deo Fann 


Arr, 1 IN. From STEEL | 
muneee INTERIOR CoLUMN | 1 In. Dewr | 8 In. Dexr 
SURFACK SURFACE 
78.9 77.4 76.6 | 75.2 74.7 
78.9 77.3 76.6 75.2 74.8 
78.9 77.2 76.8 75.2 74.9 
78.9 77.2 76.8 75.2 74.9 
72.8 | 77.1 76.9 75.2 75.0 
7.8 | 76.8 77.0 75.4 75.0 
ae 75.5 77.0 75.5 75.2 
77.8 75.2 76.6 75.2 74.8 
77.4 75.3 76.7 75.2 74.8 
77.8 75.5 77.0 75.3 75.0 
77.9 75.8 77.4 75.2 74.9 
77.5 74.7 77.3 75.1 74.8 
77.5 75.3 77.2 75.2 74.8 
77.3 73.4 77.0 75.2 74.4 
76.6 73.4 77.0 75.1 74.5 
76.5 72.4 77.0 75.0 74.5 
76.9 75.6 77.2 75.1 74.2 
77.5 77.8 77.2 75.1 74.2 
78.2 77.9 77.4 75.1 74.3 
78.3 78.0 77.4 75.2 74.4 
78.7 78.2 77.4 75.2 74.6 
79.0 78.2 77.5 75.3 74.8 
79.2 78.3 77.5 75.4 74.8 
79.3 78.3 77.6 75.5 75.0 


moved by the condenser, the heat equivalent of the elec- 
trical power used to drive the compressors. This gave 
a relatively close estimate of the load, but it cannot be 
considered to be entirely accurate. 

The curves in Fig. 13 show the seasonal variation of 
cooling load, plotted with outdoor temperature and the 
amount of sunshine. The outdoor temperatures given 
are the average of the hourly readings of the U. S. 
Weather Bureau from midnight to midnight. Sunshine is 
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expressed as the number of hours per day that the sun 
cast a distinct shadow. This does not give an accurate 
measure of solar radiant heat because the heat intensity 
varies with the time of day. On Monday evenings parts 
of the air-conditioned space are in use so the cooling 
system is operated for longer hours than on other days. 
In Fig. 13 the points surrounded by circles represent the 
actual amount of cooling on Mondays. In order to make 
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radiation and high wet-bulb temperatures, factors which 
add to the cooling load in a different manner. 

It should be noticed that variations in cooling load lag 
slightly behind the variations in average daily outdoor 
temperature. The explanation of this lag can partially 
be understood from Fig. 14. It is apparent that the 
operation of the cooling system is stopped in the after- 
noon at a time when the outside temperature has usually 
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the data comparable with those on other days, the cooling 
on Mondays was reduced by the number of extra hours 
of operation on Mondays. The points thus obtained were 
plotted as a part of the curve. Also on Saturday after- 
noons the cooling system is shut down earlier than on 
other days. The points plotted as crosses represent the 
actual amount of cooling on Saturdays. This amount 
was corrected by increasing it in proportion to the longer 
hours of operation on other days and the corrected points 
were plotted as a part of the curve. 

During the period May to October, inclusive, the 
refrigerating apparatus was in operation for 1,203 hours. 
Of this time there were 98 hours when all three com- 
pressors were in use. In other words, during the hours 
of operation it was necessary to usé three compressors 
about 8 per cent of the time. 

The curves in Fig. 14 show the hourly variation of 
cooling load plotted with the outdoor wet- and dry-bulb 
temperatures and the amount of sunshine. Dry-bulb tem- 
peratures were obtained from the U. S. Weather Bureau, 
as well as the hourly per cent of sunshine. Wet-bulb 
temperatures were taken from the records of the Union 
Guardian Building operating engineers and were meas- 
ured in an air intake. 

The curves in Fig. 13 show a noticeable correlation 
between the total daily cooling load and the average daily 
outdoor temperature. This, however, does not signify 
that heat transmission through windows and exterior 
walls is the primary cooling factor, because high dry-bulb 
temperatures usually are accompanied by increased solar 





reached its peak, leaving many hours of high tempera- 
ture and sunshine during the remainder of the day to 
add heat to the building, particularly on the west side of 
the building. Much of this heat is dissipated outward 
through the windows if the outside temperature falls 
below the inside temperature during the night. 

Two other factors operate to heat the building during 
the evening; one is exfiltration which takes place during 
a warm evening due to the vertical column of relatively 
cool air inside the building, 16 stories in height. The 
second factor is addition of heat from lights used by 
janitors during the evening, when no fans are being 
operated. During the hours after midnight heat also 
enters the building from the exterior walls, as shown in 
Fig. 10. The result is that the cooling system must be 
started from one to three hours before the offices are 
occupied, and cooling continued at a fairly high level 
during the early forenoon to care for the heat absorbed 
by the building and furniture. 

Sunshine, which greatly affects the cooling load of a 
particular room, does not affect the total load of the 
building to the same degree because only a portion of the 
building is exposed to the sun’s rays at a time. Sunshine 
produces its greatest effect on the Union Guardian Build- 
ing after 1 p.m. This is due to the orientation of the 
building, which is such that the east side gets the morn- 
ing sun at a sharp angle, letting a relatively small amount 
of low intensity sunlight into the windows. The south 
side of the building is narrow, so that although the sun- 
shine strikes this side squarely and brightly, only a smal! 
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percentage of the total exterior surface of the building is 
affected. Sunlight enters the west windows after noon 
and a large expanse of wall and window surface is then 
affected by solar radiation of high intensity, except that 
the north half of this side is gradually shaded by a neigh- 
boring building toward the end of the afternoon. 
Referring to Fig. 14, sharp increases in the total 
cooling load can be seen to have occurred on the after- 
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through the windows. It appears that the use of double 
windows would reduce the amount entering by direct 
radiation from the sun as well as that by conduction. 
A study of the cooling for the entire building from 
Fig. 13 indicates that the total amount of cooling for 
any day (Mondays and days following holidays ex- 
cluded) is in general proportional to the difference be- 
tween the average temperature for the day and 55 F. 
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noons of June 24 and 25, days when the sunshine was 
bright during the entire cooling period. The effect of 
heat entering the building at night, or rather the lack of 
heat dissipation at night, can be seen in the cooling loads 
of June 26 and 27. The load on June 26 between 8 a. m. 
and 12 noon was higher than the load on June 23 for the 
same period, although the dry-bulb and wet-bulb temper- 
atures as well as the sunshine averaged somewhat lower. 
Comparing the same hours on June 27 with those on 
June 25, it can be seen that although the temperatures 
and sunshine are comparable, the load on June 27 is the 
higher, presumably because of the warmer preceding 
night. 


Conclusions 


Sunshine through the window glass is apparently the 
most important factor to contend with in the cooling of 
a room. At times it may account for as much as 75 per 
cent of the total cooling necessary. Because of the im- 
portance of the sunshine, cooling systems should be 
zoned so that the side of the building on which the sun 
is shining can be controlled separately from the other 
sides of the building. Consideration should also be given 
to shadows from nearby buildings which may cover part 
of the sunny side of a building. If buildings were 
provided with awnings so that the window glass were 
shielded from sunshine, the amount of cooling required 
would be reduced and there would also be less difference 
in the cooling requirements of different sides of the 
building. 


In modern office buildings in the latitude of Detroit 
the amount of heat entering through the walls in sum- 
mer is of little importance compared with that coming 





It is affected somewhat, however, by the outdoor condi- 
tions prevailing during the previous day. 

In the latitude of Detroit appropriate design figures 
for the heat entering the walls and windows of an office 
building are as follows: 

Wall transmission.. . 

Glass transmission. . 

Sunshine (east and 

west sides) 

Sunshine (south 

side) 


3 Btu per hour per square foot of wall 
17 Btu per hour per square foot of glass 


160 Btu per hour per square foot of glass 


140 Btu per hour per square foot of glass 


The maximum rate at which solar radiation enters 
south windows is less than for east and west windows 
because of the angle at which the sunshine passes through 
the glass. The glass area referred to is the area actually 
exposed to the sunshine. If there are overhanging ledges 
above the windows, these must be taken into account. 
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A Study of Intermittent Operation 
of Oil Burners 


By L. E. Seeley: (MEMBER) and J. H. Powers: (NON-MEMBER), New Haven, Conn. 


This paper is the result of research conducted at Yale University in cooperation with 
the A. S. H. V. E. Research Laboratory and the American Oil Burner Association 


NTERMITTENT operation of an oil burner refers 
to its occasional use in order to vary the average 
heat output required by heating practice. The 

greater the proportion of time that the burner is idle the 
lower will be the average heat output of the boiler in 
which it is installed and vice versa. The maximum heat 
output will be secured when the burner operates contin- 
uously and in practice this output is appreciably greater 
than the maximum heat loss of the structure to be heated. 
It is evident that a burner cannot operate or be on for 
any considerable period of time. 

It is therefore a characteristic that most oil-fired heat- 
ing systems operate intermittently and the question arises 
as to the effect of this on the economy of operation and 
also whether or not there is a preferred method of in- 
termittent operation control. A comprehensive study 
should consider other methods of achieving the variable 
heat output required and their influence on economy of 
operation. 

There are two other methods, namely the continuous 
and the high and low, the manual control not being con- 
sidered because of its unpredictability in actual practice. 
The continuous method refers to those burners which 
operate steadily throughout the heating season and obtain 
variable heat output by automatically changing the rate 
of fuel burning or size of flame to suit the immediate 
requirements. The high and low method refers to a con- 
tinuously operating burner which fluctuates from a low 
to a high flame and vice versa, the average heat required 
being obtained by regulating the duration of the high 
flame. The most obvious difference between these two 
methods and the one first mentioned is that there is a 
certain minimum output of heat that cannot be avoided, 
whereas the on and off burner may vary the heat output 
from zero to its maximum. The study of these methods 
will be confined largely to matters of economy or ef- 
ficiency of operation although there are undoubtedly 
other operating features equally worthy of study. 

The A.S.H.V.E. Proposed Code for Testing Steam 
Heating Boilers Burning Oil Fuel* provides for the 
making of intermittent tests. This was necessary in 
order to obtain an idea as to what might be expected 
Scientific 
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from the equipment as it is actually used. An efficiency 
curve obtained by the intermittent burner operation will 
show the economy that may be expected; hence com- 
parisons of such efficiency curves should be the most 
enlightening. 


Intermittent and Continuous Efficiency Curves 


It was shown in a previous paper* that intermittent 
efficiency curves have a definite character although the 
curves obtained by continuous tests at various fuel rates 
do not. Fig. 1 shows two curves, one by intermittent 
and the other by continuous tests as provided for in the 
test code. The extreme righthand end of the inter- 
mittent curve represents the output and efficiency ob- 
tained when the burner is operating continuously at a 
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Fig. 1—ContTINUOUS AND 


uniform fuel-burning rate. This point would naturally 
lie on the other curve, since it was obtained from a 
continuous test. The other values along the curve are 
obtained by operating the burner only a portion of time 
during the test period. 

The intermittent curves of Fig. 1 were obtained by 
setting the burners to operate for 30 min under definite 
conditions of fuel rate, draft and excess air, followed 
by off periods of different durations for different tests. 
Comments on this procedure indicated a desire to know 
what the results would have been with on or operating 
periods of other than 30 min, the feeling being that 
while 30 min might be a reasonable period to choose it 
was still arbitrary and gave no assurance that the results 
were typical of actual conditions. Furthermore, it did 


138 














February, 1932 


not show what was to be expected if short on periods 
were used as might be the case if steam pressure rather 
than thermostatic regulation were employed. 

Before replying to this question it would be advisable 
to ascertain just what the intermittent tests with the 30- 
min on period show. All of these tests were plotted 
by raising or lowering the curves so they would start 
at an output of 1000 sq ft® of equivalent radiation and 
75 per cent efficiency, this being the extreme righthand 
point of the intermittent curve of Fig. 1. The object 
was to superimpose the curves to ascertain whether or 
not there was a resemblance in shape. This would 
show for every combination of boiler and oil burner 
what the intermittent efficiency curve would be if, during 
continuous operation, its efficiency were 75 per cent. 

Fig. 2 shows a complete intermittent efficiency curve 
for on and off burners which was made possible because 
all of the curves came so close together. It can be stated 
with reasonable certainty that all on and off oil burners 
adjusted to the same furnace draft and same percentage 
of excess air which can give the same boiler output and 
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efficiency when full on will produce practically identical 
results on intermittent operation. Likewise all boilers 
that will give the same output and efficiency with full on 
burners similarly adjusted as to draft and excess air 
should produce practically identical economy in actual 
heating use. The fact that the shapes of all intermittent 
efficiency curves are nearly the same is the only factor 
to consider in Fig. 2. The efficiency values should be 
disregarded since these will vary above or below but 
parallel to the curve shown according to the actual per- 
formance of each combination. 


An average curve for continuous burners is also shown 
in Fig. 2. It should be noted that the curve is about 
the same as the other though slightly higher. However, 
the conclusions relative to operating economy previously 
expressed are not correct for this type of burner. If 
two boilers were each equipped with two continuous 
burners similarly adjusted and giving the same output 
and efficiency at maximum fuel rate, it does not follow 
that identical economies would result in actual use. 
Heat absorption characteristics of the boiler will have an 
influence which is totally lacking with the on and off 
burners. Figs. 3 and 4 will illustrate the reason. 


* One squaré foot = 240 Btu per hour at 215 F (steam) and 70 F (air). 
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Influence of Boiler Characteristics 


Fig. 3 shows that if maximum output is beyond the 
maximum efficiency of the boiler, the continuous burner 
will tend to follow the curve for a while and then fall 
away at low outputs while the on and off curve starts 
to fall away almost immediately. Fig. 4 shows that if 
the point of maximum output is at or near the maximum 
efficiency point of the boiler the continuous burner will 
tend to follow the curve as before and hence will drop 
downward in the same manner as the on and off curve. 


Curves A and D represent the type found by continu- 
ous tests at various fuel rates when the quality of com- 
bustion and draft are maintained constant. Curves B 
and E are obtained by changing the fuel rate for each 
test. While the air supply is also automatically changed, 
the quality of combustion (1. e. per cent COg) does not 
remain constant as in the previous case and due to in- 
creased excess air the efficiency drops away from A and 
D, especially at the lower outputs. It should be noted 
that Curves C and F are the same in accordance with the 
conclusions relative to on and off burners. In actual 
practice comparisons between these two types of burners 
would be complicated by the fact that they would prob- 
ably not be set for the same maximum output to take 
care of identical heating loads. Figs. 3 and 4 do not 
represent actual test curves but do represent character- 
istics found in tests and are merely combined to make 
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clear the distinction that is evident in actual tests. The 
boiler on which the curves of Fig. 3 is based should 
give better results with a continuous burner than with 
an on and off burner over the range of outputs shown. 
Low average outputs were not obtained and comparisons 
should not extend beyond the limits actually shown. 

Fig. 2 also shows results that may be obtained with 
high and low burners. They are practically the same as 
those obtained from the off and on types. It shows in 
this case that the efficiency with the /Jow flame is lower 
than that obtained with the high flame. It seems reason- 
able to suppose that the average efficiency due to high 
and low operation will lie between the two values, never 
higher and never lower. Improvement in average ef- 
ficiency would result from a better Jow flame operation. 
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On Periods of Different Duration 


With such a similarity shown for on and off efficiency 
curves where the on period used was 30 min, how will 
the economy be influenced by on periods of different 
duration? To answer this question, on periods of 5, 10, 
15 and 30 min were selected and four on and off ef- 
ficiency curves determined. Off periods were chosen to 
give the following time ratios®: 0.0, 0.2, 0.5, 1, 2 and 3. 

Fig. 5 shows Series ESI tests which were obtained 
by setting the furnace draft at 0.02 in. of water and the 


time off 
* Ratio = — 
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combustion to show 10 per cent CO., while the burner 
was on. Automatic draft regulators were used. The 
efficiencies are not very different, all falling within the 
limit of probable testing error which leads to the con- 
clusion that the 30-min on period tests were typical of 
intermittent tests in general. It would appear that steam- 
pressure or thermostatic regulation would be equally 
good. 

Fig. 6 (Series FS1) shows the same result insofar as 
effect of timing periods is concerned. This series 
differs in one respect from ES1. The furnace draft was 
set at 0.07 instead of 0.02 in. of water ; the CO, was kept 
at 10 per cent as before. Figs. 7 and 8 show the same 
efficiency curves plotted in Figs. 5 and 6 except that the 
ratio of the off and on periods is used instead of boiler 
output. s 


Effect of Furnace Draft 


Comparison of Series ESI and FS1 shown by average 
curves in Fig. 9 reveals that the average efficiency with 
higher drafter is not as good as ES/ in spite of the fact 
that both on adjustments produced the same results dur- 
ing periods of burner operation. This suggests that 
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for best results burners should be adjusted for proper 
fuel rate and combustion with as low a furnace draft 
as advisable for the particular installation conditions. 
A furnace draft of 0.02 in. of water would probably 
be considered too low for on and off operation but 0.05 
in. of water should prove satisfactory in the majority of 
cases. The exception may be found among those burners 
which do not supply all the air required for combustion 
by means of a fan. These burners should be adjusted 
for proper combustion first of all and the furnace draft 
tu supply the required air may or may not equal the 
recommended value. Fig. 9 explains why the regula- 
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tion of draft to similar values was one of the prerequisite 
conditions mentioned in the discussion of Fig. 2. If 
this were not done it would be possible to get two com- 
binations of boilers and burners to produce identical 
results while on but if the furnace drafts were different 
the economy of intermittent operation would not agree. 

The information given in Fig. 9 should not be con- 
fused with results reported in a previous’ study showing 
the effect of draft fluctuations on burner performance. 
Those tests were obtained by adjusting the burner as 
described for Series ES1. The furnace draft was then 
increased to 0.07 in. of water but in distinction to Series 
FS1 no air adjustments were made to secure 10 per cent 
CO,. The combustion was allowed to go where it would. 
Fig. 10 shows the influence that draft fluctuations may 
have on the intermittent operation economy. While 
some on and off burners are more affected than others 
in this respect, it may be concluded that once the proper 
draft setting is made it should be maintained as constant 
as possible. 


Setting of Burner 


May one capacity setting for a combination of boiler 
and burner be better than any other from the stand- 
point of economy? Fig. 11 shows two intermittent ef- 
ficiency curves. In one case the on setting was at a 
capacity of 1265 sq ft of radiation and 72 per cent 
efficiency and in the other 1000 sq ft of radiation and 
74 per cent efficiency. It should be noted that the inter- 
mittent curve x is the higher’ of the two and its on period 
efficiency is higher. This would be expected from a 
study of Fig. 2. The best setting for economy in any 
case, therefore, is that operating capacity which gives 
the highest efficiency of the boiler in question. If this 
type of setting is properly proportioned to the heating 
load requirements of an actual building, the highest fuel 
economy should result. 

It must be remembered that all tests referred to were 
made on the equivalent of an ordinary low-pressure 
steam system. It is not at all certain that a warm air, 
hot water or vapor system would show the same results 
because the heat could probably continue to flow into 
the system for a longer time during the off period and 
the loss of heat up the chimney might be reduced. There 
is no definite proof of this but plans are being made to 
investigate the question. Certain types of systems might 
prove more desirable than others from the restricted 
viewpoint of fuel economy to which this study has been 
confined. 


Conclusions 


The following conclusions seem to be justified from 
the information at hand: 


1. The intermittent efficiency curve for on and off 
and its equivalent for other types of burners is the true 
indicator of fuel economy to be expected in actual prac- 
tice. 

2. All intermittent curves or equivalent have sub- 
stantially the same characteristic shape for similarly ad- 
justed burners. 

3. Any number of boiler and burner combinations 
which have the same capacity, efficiency, furnace draft 


™Study of the Characteristics of Oil Burners and Heating Boilers, by 
L. E. Seeley and E. J. Tavanlar (Heating, Piping and Air Conditioning, 
May 1931, p. 419). 
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and excess air or combustion setting while on will pro- 
duce substantially identical results in actual use. 

4. Continuous-type burners are influenced by the heat 
absorption efficiency of the boiler over the whole range 
of output. 

5. High and low burners tend to follow the on and 
off type of efficiency curve. The curve should be con- 
fined between low and high limits of efficiency actually 
obtained by the ow and the high flames respectively. 

6. The lower the furnace draft setting and the more 
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uniformly it is maintained, all other things being equal, 
the better the fuel economy. 

7. Various on period timings seem to have practically 
no effect on the intermittent efficiencies. 

8. The best economy on intermittent operation for 
any combination is an om setting which produces the 
highest efficiency. 

9. It is possible that certain types of heating systems 
may be better adapted for economical intermittent opera- 
tion than others but this is not definitely known. 





Diagnosing Heating and Ventilating ‘Troubles 


By S. R. Lewis ; 


The engineer who is called in to diagnose troubles 
with heating systems must be an experienced diag- 
nostician. He needs, in many cases, to have intuition, 
because the basic reasons for trouble are not always 
easily located. Probably more heating-plant complaints 
are terminated by achieving cleanness than by means 
of any other prescription. 

It is well known that the perfunctory washing out 
of core sand which sometimes occurs at the point of 
manufacture of ferrous castings does not by any means 
clean the castings. While any system of screwed piping 
is being fabricated there is a steady application of 
lubricating oil, and there are continual opportunities 
for cuttings, sand, plaster, mud, shavings, and other 
construction debris to enter the piping. 

In case of trouble, experienced engineers almost in- 
variably advise cleaning the piping and the heating units 
before looking elsewhere. Assistance may be given by 
the introduction into the boiler or system of chemicals 
which will neutralize some of the foreign elements, but 
eventually if the surfaces and pockets are clean, and 
the water is clean, the system will be free of unpleasant 
noises, and the fuel cost will be reduced. 

Where excessive quantities of chemicals have been 
introduced it is not uncommon to find an acid condition 
in the condensate, and this may attack copper interiors, 
return traps and air vents, with the result that floats and 
expansion elements may develop leaks. Such leakage 
into any vacuum heating system of course prevents the 
maintenance of a proper vacuum and results in the neces- 
sity of the introduction of a jet of water at the pump. 
Where such a jet of water is introduced, raw water with 
its impurities usually must be supplied, calling for more 
chemicals which aggravate the situation. An examina- 
tion of the interior parts of traps and air vents often 
reveals the seat of this sort of trouble. 

The best test for water-cleanness usually is to put a 
sample of the water suspected of being polluted, in a 
dish on a stove alongside a similar dish containing 
fresh water. The fresh water usually will be boiling 
for some time before the higher surface tension of the 
polluted water can be broken. 

When a boiler is blown off at its bottom the water 
line of course goes down, and much of the foreign 
matter, especially the oil, lighter in weight than water, 
which was floating above the water, clings to the boiler 


interior and contaminates the fresh water supply. The 
easiest way to get rid of this form of pollution is by the 
use of a blow-off opening at the water line which can 
operate as a skimmer. Many cases of supply valves to 
radiators, of return traps, and of pipes, all of which 
were suspected of being too small for the work which 
they were supposed to do, have been solved by a simple 
cleaning, without making any physical changes. 

The removal of air and condensate from steam heated 
units, especially those in connection with a fan, is of 
major importance and manufacturers of such equipment 
offer suggestions in their literature as to the physical 
structure which should not be ignored. In many cases 
the real difficulty is by no means evident, and it is very 
easy to overlook a serious structural fault. In a large 
school where comp!aint was made that the ventilation, 
formerly excellent, recently had become defective, it was 
found that the cold air intake and the exhaust openings 
were functioning and that the thermostats were oper- 
ating. They were operating the housed supply fan in 
the wrong direction! When such a fan is operated back- 
ward the amount of air delivered may be about half of 
that normally delivered, and as the power demand is 
proportional to the work done, the electric motor func- 
tions satisfactorily. In this case, a careless workman in 
reconnecting the motor had transposed two of the leads 
and no one had noticed, in the dark: fan chamber, the 
fact that the rapidly-turning wheels were going in the 
wrong direction. 

In another case of deficient air delivery, the motor 
pulley was ordered correctly as 8 in. in diameter and the 
shipping list of the manufacturer and all of the records 
showed an 8-in. pulley, but unfortunately when the 
manufacturer sent out the motor he placed a 6-in. diam- 
eter pulley on it. Naturally the fan which this motor 
was propelling failed to deliver as much air as was ex- 
pected and several days’ delay and a long railroad trip 
were expended before the difficulty could be diagnosed. 

Occasionally a thermostat in a school classroom is con- 
nected by mistake so as to control the air supply damper 
of some other classroom. Such a cross connection is 
often a long time in being discovered and corrected 
and may lead to very interesting temperature-complica- 
tions. Thus the trouble shooter learns to doubt every- 
thing he reads or hears and to be suspicious even of what 
he sees and of what he feels. 











Transmission of Radiant Energy 
Through Glass 


By R. A. Miller: (WEMBER) and L. V. Black: (NON-MEMBER), Pittsburgh, Pa. 


facts in connection with the transmission of radiant 
energy through glass, and if possible, to correct 
the somewhat prevalent idea that large radiation losses 
occur through the glass. It shou'd be borne in mind that 
there are two different forms of energy, namely: 
1. Radiant energy, which is an electro-magnetic wave 
motion. 
2. Sensible heat, which is molecular kinetic energy in mat- 


r | NHE object of this paper is to point out certain 


ter. 

Radiant energy is transformed into sensible heat only 
when it strikes a body of matter and is absorbed. In 
considering sensible heat, the authors will deal with the 
absorption of radiant energy by bodies in the room or 
building, including the atmosphere. 

Radiant energy covers a very wide range of waves, 
from the extremely short waves of the cosmic ray to the 
extremely long waves of radio broadcasting. This dis- 
cussion is confined to the rather narrow band of radiant 
energy, included between the wave lengths of 0.292 
microns (»), the limit of solar radiation in the ultra- 
violet to 30.0 microns, the maximum wave length meas- 
ured for radiation from a body at 126 F. In this con- 
nection it is especially worthy of note that the limit of 
solar radiation in the infra red reaching the earth is 
given at a wave length of 5.3 microns. 


Emission of Radiant Energy 


All the bodies at any temperature above absolute zero 
are continually emitting radiant energy. Most of the 
energy radiated from bodies at low temperature, how- 
ever, is at long wave lengths, and therefore lies in the 
infra-red portion of the spectrum. If the temperature 
of such a body were slowly raised, the wave lengths of 
the maximum energy given off would shift toward the 
shorter wave lengths until at about 900 F a considerable 
portion of this energy would be at wave lengths less than 
0.77 microns and would therefore be visible to the eye, 
and the body would have a dull red color. If heated to a 
still higher temperature, the wave lengths of the maxi- 
mum energy would become shorter and shorter and the 
color of the body would change to yellow and finally to 
white. At very high temperatures a considerable por- 
tion of the energy is at wave lengths shorter than the 
visible (below 0.38 microns) and would therefore be in 
the ultra-violet portion of the spectrum. 

While glass is transparent to energy in the visible 
portion of the spectrum, it is opaque to all other wave 
lengths except a narrow band of the longest of the ultra- 
violet and shortest of the infra-red. The portion of 
the ultra-violet and infra-red that is transmitted to some 
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extent. is cut off by thick glass, and even comparatively 
thin glass cuts off a large part of it. 


The amount of total energy radiated at all wave 
lengths by a body can be represented by the area under 
a curve plotted with the intensity of the radiation at dif- 
ferent wave lengths as ordinates and the wave lengths as 
abscissae. The fractional part emitted between any two 
wave length limits can be determined by comparing the 
area under this portion of the curve with the total area 
under the curve. Figs. 1, 2, 3 and 4 were drawn in 
this manner using the value for intensity at different 
wave lengths given in the International Critical Tables 


Vol. V. 


The work of Coblentz * has shown that ordinary win- 
dow glass 2 mm thick is opaque to all radiant energy 
having wave lengths shorter than about 0.3 micron and 
longer than 4.5 microns. Glass then is transparent to 
some extent to the ultra-violet between 0.3 and 0.37 
microns, the visible portion of the spectrum from 0.37 
to 0.78 microns, and the infra-red from 0.78 to 4.5 
microns. The amount transmitted, however, is not uni- 
form for all these wave lengths, but is selective for 
different wave lengths and never reaches 100 per cent in 
any case, 


Transmission of Radiant Energy at Various Wave 
Lengths 


Fig. 1 is derived from data covering the radiation 
from a body at 126 F, and from a study of this curve 
it is evident that the percentage of energy radiated from 
a body of that temperature which lies between 0.3 
microns and 4.5 microns is very small, being in the order 
of 0.556 per cent of the total energy available. Con- 
sidering only that portion from 0.3 to 4.5 microns wave 
length and particularly the heavily shaded area under 
the curve (Fig. 1), it becomes evident that glass actually 
transmits only a very small portion of the conceivably 
transmissible energy, namely, about 9.46 per cent. This 
percentage becomes insignificantly small when referred 
to the total radiated energy, and amounts to only 0.0523 
per cent of that total. 

As already stated, the wave lengths radiated from a 
body become progressively shorter as the temperature 
increases, and it is evident from Fig. 2 that radiations 
from a body at 450 F which conceivably might be trans- 
mitted by glass are considerably greater than in the 
case of a body at 126 F. In this case the energy which 
is actually transmitted amounts to only 1.19 per cent of 
the total energy radiated. Figs. 3 and 4 represent the 
total energy available and transmissible by glass at the 
temperatures of a tungsten filament in a projection 
lamp, and of the sun itself, respectively. 


*U. S. Bureau of Standards Papers, Vol. 14, 1918-19. 
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This series of curves illustrates the fact that glass does 
not transmit radiant energy of all wave lengths pro- 
portionately, but only that very narrow band of wave 
lengths in the immediate vicinity of one micron on the 
chart of relative wave lengths (Fig. 5) ; and even within 
these limits, the transmission varies from zero to a 
maximum and back to zero again, in somewhat irregular 
order. In no case does glass transmit 100 per cent of 
the incident energy, since approximately 41% per cent 
of the incident visible light is reflected from each sur- 
face, and in the invisible portion of the spectrum the 
reflectance runs as high as 19.2 per cent in the infra- 
red region. 

It is this inability of glass to transmit appreciable 
amounts of long wave radiation which makes possible 
the growing of plants in green houses and hot frames. 
The short waves of solar infra-red radiation pass freely 
through the glass, are absorbed within the soil and other 
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content, and again irradiated in the form of low tempera- 
ture rays of long wave length, which are trapped within 
the hot house. 


Verification of Results by Test 


To test the validity of the foregoing calculated values, 
an apparatus was set up as shown in Fig. 6. An in- 
verted electrically heated radiating surface A was kept 
at a definite temperature (450 F) by the automatic con- 
trol B. This temperature was chosen because of the 
availability of instruments to measure radiant energy 
emitted at this temperature. The hot inverted surface 
A was protected from drafts by a guard C. D was a 
fixed-focus, total-radiation pyrometer specially designed 
to measure low temperatures. It was trained on the 
portion of the hot surface inside the guard and was con- 
nected to the automatic recorder R which was calibrated 
in millivolts. Provision was made for inserting glass 
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plates in the holder G between the radiating surface and 
the pyrometer. The inverted position was used so that 
convection currents could not heat the glass and so that 
it would be affected only by the energy radiated from the 
hot surface. 

After the radiating surface had reached a constant 
temperature (450 F), the recorder was allowed to run 
without any glass between the source and the pyrometer 
until a curve had been traced on the chart. This was 
of course a straight line as the temperature of the radiat- 
ing surface was constant and indicated a constant de- 
flection of 2.47 mv (millivolts). A single plate of glass 
1 in. thick was now inserted between the pyrometer and 
tke radiating surface (Fig. 7) and the deflection of the 
recorder at once fell to zero, showing that practically no 
radiation was passing through the glass. This seems to 
check the curves of Figs. 1 and 2 as derived from the 
Coblentz data. The deflection was actually less than 
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0.05 mv and was too small to be indicated by the re- 
corder. As the radiant energy was absorbed by the 
glass, the top surface began to rise in temperature and 
this heat was of course conducted through the glass 
to the bottom surface and was re-radiated there as 
shown by a gradual rise in the curve traced by the re- 
corder. 

The pyrometer was now receiving the radiant energy 
from the glass instead of the hot surface. When the 
glass had reached an equilibrium in temperature, the 
recorder again traced a straight line. The constant de- 
flection, however, was much less than before due to part 
of the original energy incident on the glass being re- 
flected, part being radiated from the top surface and 
part of the energy of the hot glass being lost through 
conduction to the air touching the bottom and the top 
surface. The constant deflection of the pyrometer was 
0.52 mv. Thus about 21 per cent of the original energy 
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incident on the glass was transmitted or radiated from 
the bottom surface. This is shown on Curve V of Fig. 8. 


Interpretation of Results 


If it is assumed that the temperature of both surfaces 
of the thin plate of glass were practically the same, a 
rough calculation of the total losses can be made. As 
already stated, 21 per cent was re-radiated from the 
bottom side, including the 1 per cent transmitted, and 
since a hot body radiates uniformly in all directions, 20 
per cent would also be radiated back from the top sur- 
face. It will be assumed that 5 per cent was reflected 
back by the top surface and 1 per cent was transmitted 
as radiant energy by the glass. Of the total, 47 per cent 
has been accounted for and hence, 53 per cent was lost 
by conduction to the air from the bottom and top sur- 
faces. If it is assumed that this conduction to the air 
was uniform on both sides, the loss by conduction from 


the bottom surface amounted to 26.5 per cent which, 
added to the 21 per cent lost by radiation and transmis- 
sion, amounts to a total loss of 47.5 per cent of the 
original energy from the bottom surface of the glass. 
Curve VI of Fig. 8 shows the results of an exactly 
similar experiment, except that two plates of %-in. glass 
were separated by a 3¢-in. air space. This experiment in- 
dicated that about 10 per cent of the energy incident on 
the upper glass surface reaches the pyrometer by radia- 
tion from the bottom surface of the lower plate together 
with that passing through by direct transmission. This 
is a greater loss than would be expected but it can be 
accounted for by noting that the bottom plate in this set- 
up is receiving all of its energy from radiation of the 
heated top plate as it can be assumed that the conduction 
through the air space is negligible. In the case of the 
single plate, the temperature of the glass finally reached 
220 F but with the two plates, the top plate reached a 
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Fic. 7—View or APPARATUS, TUNGSTEN FILAMENT USED AS A SOURCE OF ENERGY 


temperature of 275 F. This was because the heat loss by 
conduction from the bottom surface of the upper plate 
was stopped by the air space and also some of the 
energy radiated by the bottom surface was radiated and 
reflected back by the lower plate. Because of this in- 
crease in temperature, considerably more energy than 
the original 21 per cent was radiated from the bottom 
surface of the top plate. Part of this energy is reflected 
back by the lower plate as mentioned before and the 
remainder is absorbed by the lower plate, then part 
re-radiated back to the upper plate and the remainder 
lost from the bottom surface of the lower plate by radia- 
tion and conduction to the air. The lower plate reached 
a final temperature of 140 F. 


As mentioned before, it was found that the amount of 
energy lost from the lower plate by radiation was 10 
per cent of the total energy incident on the upper plate. 
Assuming that the amount of energy lost by conduction 
in each case was proportional to the absolute tempera- 
ture difference between the air (80 F) and the glass, it 
was calculated that 11.5 per cent of the original energy 
was lost from the bottom surface of the lower plate 
by conduction to the air. Thus a total of 21.5 per cent 
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of the total energy incident on the upper plate was lost 
from the lower plate to the outside. Since the total 
loss with a single plate was 47.5 per cent, the introduc- 
tion of a second plate and an air space reduced this 
loss to less than half. 

To show that this conservation was not due merely 
to the added thickness of glass, the two plates were re- 
placed with a single plate of /%-in. plate glass. Although 
the thickness was twice as great as the combined thick- 
nesses of the two plates, 16 per cent of the total in- 
cident energy was radiated from the bottom surface 
(Fig. 9) compared to 10 per cent in the case of two 
thin plates separated by an air space. 

The foregoing calculations are not of course absolutely 
accurate but are intended to show only the approximate 
conditions. It should be borne in mind that these tem- 
peratures are considerably higher than those employed 
in heating human habitations, and therefore, that the 
proportion of transmissible wave lengths is considerably 
in excess of those encountered in household tempera- 
ture conditions. 

A significant feature of all of these curves is the fact 
that in every case, as soon as the glass was placed be- 
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tween the pyrometer and the source of energy, the de- 
flection fell to zero. This clearly indicates that glass is 
opaque to radiations from bodies at low temperature 
and that radiant energy was again received by the 
pyrometer only after the glass itself was heated. 

Due to the nature of the set-up, the only energy 
transfer between the hot surface and the glass plates was 
by direct radiation. If the set-up had been modified so 
that the energy could also have been transferred from 
the hot surface to the glass by convection currents, the 
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The energy from the sun could easily enter through 
the glass to be absorbed and be retained within the room, 
but could not enter through a brick wall. That this heat- 
ing by transmitted sun rays is considerable, is illustrated 
by a closed automobile that has been exposed for some 
time to the bright sunshine. Even when the outside 
temperature is zero, the inside of the car will be com- 
fortably warm with no other means of heating the in- 
terior except by the transmission of the sun’s rays 
through the glass. 


February, 1932 





/ 2 J 





Miltivolts 


Fic. 9—Curves Drawn By RecorpING PyroMeTeR PEN FoR SINGLE PLATE GLass %-IN. 
THIcK AND Wuite Carproarp 1/16 In. Tutck 


losses through a single plate of glass would have been 
far greater. 

Referring again to Fig. 8, curves IX and X show 
the actual results obtained when light at an approxi- 
mate temperature of 3,000 C was used as the source of 
energy. The apparatus used is shown in Fig. 7. In this 
instance, it will be noted that the screening value of an 
increasing number of plates is more nearly proportional 
to the number of plates involved. There is very little 
of the energy of visible light which is not transmissible 
by glass and in general, only that part is screened out 
which is reflected from the surfaces, since very little 
energy of these shorter wave lengths is absorbed by the 
vlass. 

The transfer of sensible heat through glass is, of 
course, subject to the same laws as in the case of any 
other material. It will depend upon conductances, film 
interchange as between the glass and the atmosphere, 
and vice versa, and the velocity of air flow over the glass 
surfaces. By calculation, based upon accepted deter- 
minations, it may be shown that three plates of %-in. 
glass spaced approximately 2 in. apart are equivalent 
in insulating value to a 12-in. brick wall.4 If this air 
space is reduced, the insulating value approaches that of 
an 8-in. brick wall. 





“See Chapter 3, A. H. V. E. Guide 1932. The coefficient of trans- 
mission of a 12-in. brick wall (no interior or exterior finish) is given as 
0.295 Btu per hour per square foot per degree Fahrenheit difference in 


temperature whereas that for triple glass is given as 0.281. 





Again in considering the transfer of sensible heat 
through glass, it is of course obvious that there is a 
maximum spacing between plates which will be most 
effective. The maximum spacing for good results seems 
to be about % in. and the optimum spacing seems to be 
between ¥ in. and 3% in. Preliminary investigations are 
being conducted along this line, and the insulating value 
of double glass with varying interglass spaces is being 
studied. It is interesting to note that these preliminary 
iivestigations indicate that there is very little difference 
between spacings of 3 in., % in. or % in., since the 
gradient shown under the same conditions seems to be 
51 deg, 53 deg, and 50 deg respectively. 


Conclusions 


There is practically no loss of energy from a building 
by direct transmission of radiant energy through the 
windows. Some energy is lost by the glass absorbing 
the radiant energy and thereby being heated and then 
radiated to the outside. This loss, however, is believed 
to be insignificant compared to the losses due to con- 
vection currents and conduction. Two plates of glass 
separated by an air space cut off the greater part of the 
radiation loss and reduce the conduction loss to a com- 
paratively low figure. 

It seems evident that the increasing use of glazed 
areas in buildings need not mean increased heat losses if 
multiple panes of glass, separated by air spaces, are used 
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By C. V. Haynes, Chairman, and F. C. Houghten, Director of Research Laboratory 


HE Committee on Research of the AMERICAN SOCIETY OF 
HEATING AND VENTILATING ENGINEERS gave consideration 
to 12 research projects during the year. In connection 
with each of these ventures, a sub-committee of the Committee 
on Research, known as a Technical Advisory Committee, was 
appointed for the purpose of studying the needs of the problem, 
and to cooperate with the Director of the Laboratory in plans 
for research to be carried on in the Laboratory at Pittsburgh or 
in the cooperating institutions. Each of these Technical Ad- 
visory Committees was made up of authorities on the particular 
subject. During the past year this organization brought to the 
Society's research activity the combined experience and ability 
of 78 experts. 

The Committee on Research was very fortunate in securing 
the services of Prof. A. C. Willard as Technical Adviser to the 
Research. This addition to the organization is 
of great value, as it brings the broad experience and ability of 
this noted engineer and educator to aid in the work. Other 
slight changes in organization were made in order to better cor- 
relate the with the other activities of the 
Society. 

Five meetings of the Committee on Research were held during 
the year: two during the Annual Meeting in Pittsburgh, one in 
Chicago in the spring, one at Swampscott during the Summer 
Meeting of the Society, and the final meeting at Buffalo in No- 
vember. At these meetings the welfare of the Laboratory was 
discussed including its finances, the development of a research 
program, and the approval of cooperative agreements for research. 

The funds for the Laboratory work were definitely allocated 
in the budget and as in the past were derived from dues of Society 
members, interest on reserve funds, THe Gurne, and contribu- 
tions from the industry, which were most generous considering 
present financial conditions. This made a total commensurate 


Committee on 


research activities 


_ Presented at the 38th Annual Meeting of the American Society oF 
HEATING AND VENTILATING ENGINEEKS, Cleveland, Ohio, January, 


1932. 
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with previous years. New contracts and greater contributions 
to institutions cooperating with the Laboratory made it necessary 


to slightly revise the budgeted expenditures at Pittsburgh. 


Income and Expenses—Committee on Research 
Budget 1931 Actual 1931 


$19,000.00 $22,519.85 


7 


[ncome 
A. S. H. V. E. Dues and Guide 
Pledges and Contracts 
13,110.00 
15,000.00 
200.00 71.21 
200.00 135.00 
1,000.00 1,025.00 


Manufacturers and Associations 10,283.00 
Sn ont cenadecasaseaseas 
Interest on Bank Balances...... 


Interest on Securities........ 


Interest from Society Endowment.... 


Expenses $48,510.00 $34,034.06 


Committee on Research 
$2,800.00 


Travel—Committee and Lab. Personnel $1,688.21 





Salary Clerical—Society Headquarters. 800.00 800.00 
Publicity and Promotion Work....... 2,000.00 1,207.34 
Assn. for Correlating Thermal Research 500.00 500.00 

$6,100.00 $4,195.55 


A. S. H. V. E. Laboratory (Pittsburgh) 
i le $19,250.00 $18,517.63 
Laboratory Supplies and Equipment....... 2,000.00 1,131.36 
Office Supplies and Expenses......... 800.00 688.77 
ES Week cd eeudbens co40 ended 25 200.00 93.75 
DE: 2k dinokukeddbubunksadah<eCol 400.00 

Contracts at Cooperating Institutions 14,950.00 14,448.60 


$43,700.00 $39,075.60 


1931 Contributors to Research Fund 


Manufacturers 
Aerofin Corporation, Newark, N. J. 
American Blower Corp., Detroit, Mich. 
Barnes and Jones, Boston, Mass 
Buffalo Forge Co., Buffalo, N. Y. 
Carrier Engineering Corp., Newark, N. J. 
Crane Company, Chicago, III. 
Hoffman Specialty Co., Waterbury, Conn. 
Ilg Electric Ventilating Co., Chicago, Ill. 
Nash Engineering Co., South Norwalk, Conn 
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Powers Regulator Co., Chicago, Il. 
Trane Company, La Crosse, Wis. 
United Engrs. & Constructors, Philadelphia, Pa. 
Warren Webster and Co., Camden, N. J. 
Wolverine Tube Co., Detroit, Mich. 

Associations 
Associated Copper Tubing Mfrs. 
American Oil Burner Assn. 
Ventilating Contractors Employers Assn. of Chicago. 
National Lumber Manufacturers Assn. 


Cooperative Research 


Cooperative research programs have been arranged for by 
contract with the following institutions where the projects listed 
are being investigated: 

University of Minnesota: Heat transmission through 
built-up walls, determination of surface coefficients, con- 
ductivity of insulating materials, and the thermal properties 
of different species of wood. The latter study is carried 
on through the cooperation of the National Lumber Manu- 
facturers Association with the Research Laboratory of the 
AMERICAN Society OF HEATING AND VENTILATING ENGI- 
NEERS and the University of Minnesota. 

University of Illinois: The study of the performance 
characteristics of radiators. 

Harvard School of Public Health: The ionization of air 
in its relation to health. 

University of Wisconsin: The airation of buildings due 
to infiltration and other air exchanges. 

Yale University: Development of standard test methods 
for oil burning devices in steam and hot water heating 
boilers. 

Carnegie Institute of Technology: Study of steam, con- 
densate and air flow in low pressure steam heating systems. 

Agricultural and Mechanical College of Texas: Fric- 
tional resistance to the flow of water in hot water heating 
systems. 

Armour Institute of Technology: Measurement of air 
flow through registers and grilles, including air delivery 
from unit ventilators. 


Research Subjects Considered 


Of the 12 research subjects given consideration by the Com- 
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mittee on Research and its Technical Advisory Committees, 7 
were actively investigated at the Laboratory in Pittsburgh or in 
one of the cooperating institutions. From these studies, 16 papers 
were prepared for publication and presentation at either the 1931 
Summer or the 1932 Annual Meeting of the Society. All of 
these papers served to add to the fundamental technical knowl- 
edge of the heating and ventilation branch of the engineering 
profession and industry. 

The following 8 technical papers resulting from research at 
the Laboratory and in the cooperating Universities are being 
presented at the Annual Meeting: 

Conductivity of Concrete, by F. C. Houghten and Carl Gutberlet 
(Heating, Piping and Air Conditioning, September, 1931). 

Changes in Ionic Content of Air in Occupied Rooms Ventilated 
by Natural and by Mechanical Methods, by C. P. Yaglou, L. Clari- 
bel Benjamin, and Sarah P. Choate (Heating, Piping and Air 
Conditioning, October, 1931). 

Heat Emission from Iron and Copper Pipe, by F. C. Houghten 
and Carl Gutberlet (Heating, Piping and Air Conditioning, Janu- 
ary, 1932). 

Surface Coefficients as Affected by Direction of Wind, by F. B. 
Rowley and W. A. Eckley (Heating, Piping and Air Conditioning, 
October, 1931). 

Heat Transmission as Influenced by Heat Capacity and Solar 
Radiation, by F. C. Houghten, J. L. Blackshaw, E. M. Pugh and 
Paul McDermott. 

Supplementary Friction Heads in One-Inch Cast Iron Tees, by 
F, E. Giesecke and W. H. Badgett (Heating, Piping and Air Condi- 
tioning, January, 1932). 

A Study of the Intermittent Operation of Oil Burners, by L. E. 
Seeley. 

Field Studies of Office Building Cooling, by S. S. Sanford, E. P. 
Wells and J. H. Walker, which is to be presented at the Annual 
Meeting, is the result of research in which the Research Labora- 
tory cooperated to a lesser extent. 


A paper, Heat and Moisture Dissipation from Children in 
Relation to School Ventilation, by F. C. Houghten, W. W. 
Teague, and W. E. Miller, was presented at the Annual Meeting 
of the American Public Health Association in Montreal in Sep- 
tember, 1931. 

The following 12 subjects were given consideration during 
the past year by the Committee on Research and the Technical 
Advisory Committees. <A brief review of the work of the Tech- 
nical Advisory Committees and the Laboratory or cooperating 
universities on these projects is given together with the members 
of the Society serving on these sub-committees. 
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1. HEAT TRANSMISSION 


(Heat Received and Emitted by Buildings in Relation to 
Living Comfort) 


Technical Advisory Committee 


L . Harding, Chairman 


A 
E. Backstrom 
B. Rowley 
E. Stacey 
H. Walker 

During the past year the Technical Advisory Committee on 
Heat Transmission gave consideration to several research prob- 
lems. Some of these had been approved previously for study 
at the University of Minnesota in cooperation with the Research 
Laboratory and at the Laboratory in Pittsburgh. The committee 
also gave consideration to additional problems and submitted a 
recommended program for the consideration of the Committee on 
Research. 


a. A STUDY OF THE THERMAL CONDUCTIVITIES 
FOR VARIOUS TYPES OF BUILT-UP WALL CON- 
STRUCTION BY THE HOT-BOX METHOD. 


Work carried on under the direction of Professor Rowley 
at the University of Minnesota in cooperation with the 
Research Laboratory. 


R. 
F. 
A. 
J. 


This work is a continuation of that carried on last year. The 
program was extended to include several varieties of hollow tile, 
hollow concrete block, monolithic concrete, cinder concrete block 
walls, and several additional types of frame wall construction. 


About 40 walls have been built up and tested since the last 
report was published. A report of these tests is now being 
prepared for publication during the next few months. 


A series of tests is now in progress to determine the effect of 
changing air temperature on the thermal conductivity of unin- 
sulated and insulated walls. This work will parallel and cor- 
relate with the work now being carried on at the Pittsburgh Lab- 
oratory. Several tests have been made to determine the effect 
of the type of surfaces bounding air spaces on the thermal con- 
ductivity of the air space. 


b. STUDY ON SURFACE COEFFICIENTS WITH WIND 

NOT PARALLEL TO THE WALL. 

Work carried on under the direction of Professor Rowley 
at the University of Minnesota in cooperation with the 
Research Laboratory. 

The study of surface heat transfer coefficients for still and 
moving air was extended during the early part of this year 
to determine the effect of the angle of wind impingement upon 
surface. A paper covering this part of the work has been pre- 
pared and will be presented at the Annual Meeting of the 
Society, January 1932. 
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c. THERMAL CONDUCTIVITY OF INSULATING MA- 

TERIALS 

Work carried on under the direction of Professor Rowley 
at the University of Minnesota in cooperation with the 
Research Laboratory. 

A series of tests have been made to determine the thermal 
conductivity of various types of insulating materials now on the 
market. This work has been confined almost entirely to the board 
or rigid forms of materials, although it is now being extended 
to include the quilt or flexible materials and fills. Samples of 
the different materials have been collected from various parts 
of the United States in order to get representative materials. 
It is hoped that from this series of tests average values may be 
obtained which may be used in the A. S. H. V. E. Gutne. 

c. CONDUCTIVITY OF VARIOUS SPECIES OF 

LUMBER. 

Work carried on under the direction of Professor Rowley 
at the University of Minnesota in cooperation with the 
Research Laboratory. 

A series of tests started late in 1930 to determine the thermal 
properties of various species of lumber has been in progress 
throughout the year. This work is a cooperative project be- 
tween the AMERICAN Society oF HEATING AND VENTILATING EN- 
GINEERS Research Laboratory, the National Lumber Manufac- 
turers’ Association and the University of Minnesota. The work 
has been financed by the National Lumber Manufacturers’ Asso- 
ciation, 

The series of tests will cover about thirty species of wood 
and will include the effect of moisture and density on the con- 
ductivity for the various species. Some difficulty was encountered 
in getting consistent results on several of the species. This 
required a more extensive program than was first anticipated. 
d. VARIATION IN CONDUCTIVITY OF CONCRETE. 

Work carried on at the Research Laboratory in Pittsburgh. 

This project has been under investigation for several years, 
and has had as its object the determination of the variation in 
conductivity of concrete with aging. Two samples were tested 
periodically, showing a decrease in conductivity with time. The 
tests during the past year showed very little additional change. 
However, the samples are being kept with a view of testing 
them at longer intervals in the future. A paper resulting from 
this work will be presented at the Annual Meeting of the Society, 
January 1932. 

e. EFFECT OF SOLAR RADIATION AND HEAT CA- 

PACITY OF A STRUCTURE ON HEAT FLOW INTO 

A BUILDING. 

Work carried on at the Research Laboratory in Pittsburgh, 

This work was first undertaken in 1930, when a study was 

made of three roof panels made up of laminations of iron and 
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Early during the present year the Technical Advisory 
Committee gave consideration to an extension of this program 


cork. 


which was approved by the Committee on Research. The ex- 
tended program included a study of heat flow through the follow- 
ing roof panels during the hot summer months: 


1, 2-in, tongue and groove yellow pine, 

2. 4-in. gypsum cast in place, 

3. 6-in. concrete 

4. 3-in. concrete with 1l-in. corkboard insulation with 
concrete up. 

5. 3-in. concrete with l-in. corkboard insulation with 
cork up. 


This extended program was completed during the summer, 
and a paper will be presented at the Annual Meeting of the 
Society, January 1932. The Committee on Research at its meet- 
ing held in Buffalo in November, 1931 approved the continuation 
of this project. 

f. WIND VELOCITY GRADIENTS NEAR A WALL. 
Work to be carried on at the Laboratory in Pittsburgh. 

A year ago the Laboratory published a paper resulting from 
work in Pittsburgh showing wind velocity gradients near a wall 
conditions where the direction of the wind was 
parallel to the wall surface. These data were obtained by 
mounting a wall on the side of a truck and carrying it forward. 
Further consideration has been given by the Technical Advisory 
Committee to the possibility of verifying these findings for a 
condition of natural wind. The Technical Advisory Committee 
approved continuing this study, and recommended the same to 
the Committee on Research. At a meeting of the Committee 
on Research, held in Buffalo in November, this project was 
approved for study at the Laboratory in Pittsburgh during the 
latter part of the present winter. 


9. THE COOLING DEMAND IN AN 
ING DURING THE SUMMER. 


Work carried on by J. H. Walker in cooperation with 


the Research Laboratory 


surface for 


OFFICE BUILD- 


Early during the present year the Committee on Research 
approved cooperation between the Research Laboratory and 


J. H. Walker in accordance with which the Laboratory loaned 
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available instruments for and acted in an advisory capacity in a 
study of cooling demand in an air-conditioned office building in 
Detroit. The study included an analysis of the sources of 
heat gain by the building during the hot summer months. 


2. PIPE SIZES 


Pipe and Tubing (Sizes) Carrying Low Pressure Steam and 
Hot Water 
Technical Advisory Committee 
S. R. Lewis, Chairman 
J. C. Fitts 
F, E,. Giesecke 
H. M. Hart 
C. A. Hill 
A. P. Kratz 
W. K. Simpson 
The study of the capacity of pipe for carrying steam, water 
and air in low pressure steam heating systems has been carried 
on by the Laboratory in Pittsburgh for the past several years. 
As a result of these studies, the steam heating pipe size section 
of THe Guipe has been revised from year to year. The end 
of these extensive investigations is now in sight and the problem 
will probably be concluded during the coming year. All values 
in THE GuipeE pipe size tables will then be based upon sound 
experimental data. 


During the year the Laboratory in Pittsburgh made an analysis 
of Tue Guine tables. As a result of this analysis, the Technical 
Advisory Committee at a meeting during the Semi-Annual meet- 
ing of the Society agreed that the following information was 
still desirable before making a final revision of THe Gume 
tables : 

First, air and condensation loads on the return side of gravity 
return and vacuum return steam heating systems both during and 
after the heating-up period ; Second, determination of the capacity 
of 14%-in. and 2-in. dry return mains, risers and wet return mains 
in gravity and vacuum pump systems. These two projects have 
been approved for immediate study by the Laboratory in Pitts- 
burgh. 


During the past year, the Laboratory in cooperation with the 
Copper Tubing Manufacturers’ Association has made a study 
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of the performance of the copper tubing in steam and hot water 
heating systems. The studies relating to steam heating systems were 
carried on in Pittsburgh, and those relating to hot water systems 
were carried on under the direction of Professor Giesecke at 
the Agricultural and Mechanical College of Texas in coopera- 
tion with the Research Laboratory of the AMERICAN SOCIETY OF 
HEATING AND VENTILATING ENGINEERS. 

The study of performance characteristics of copper tubing in 
steam heating systems included: First, a study of the heat 
emission from the surface of bare and insulated copper tubing 
and iron pipe; Second, a study of the relative capacity of copper 
tubing for carrying steam and condensate in vertical and horizon- 
tal straight runs of pipe and in radiator supply branches. These 
studies on copper tubing have been completed, and a paper, 
Heat Emission from Iron and Copper Pipe, will be presented 
at the Annual Meeting, January 1932. 

The study of frictional resistance to flow of water in hot 
water heating systems was continued by Professor Giesecke of 
the Agricultural and Mechanical College of Texas in coopera- 
tion with the Research Laboratory. The present investigation 
includes a study of the frictional resistance in orifices and stand- 
ard iron tees and frictional resistance in copper tubes and 
fittings. A paper will be presented at the Annual Meeting of the 
Society, January 1932. 


3. AIR CLEANING 


Atmospheric Dust and Air Cleaning Devices 
(Including Dust and Smoke) 
Technical Advisory Committee 

H. C. Murphy, Chairman 
Albert Buenger 

Philip Drinker 

Dr. E. V. Hill 

H. B. Meller 

Dr. S. W. Wynne 


Consideration was given to the problem by the Technical 
Advisory Committee and plans for the future are being outlined. 

Early during the present year a study was carried on by 
Dean Langsdorf of Washington University, St. Louis, in cooper- 
ation with the Research Laboratory of the AMERICAN Society 
oF HEATING AND VENTILATING ENGINEERS. The object of this 
study was to develop a more sensitive and more satisfactory 
means of determining the dustiness of air. The method was 
rather completely developed by Dean Langsdorf, but the instru- 
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ment is not yet completely calibrated and tested out for practical 
use. 
4. AIR FLOW 
Air Flow Through Registers and Grilles 
Technical Advisory Committee 
John Howatt, Chairman 
J. J. Aeberly 
C. A. Booth 
L. E. Davies 
D. E, French 
J. J. Haines 
The study of methods of measuring air flow through registers 
and grilles is being carried on by Professor Davies at Armour 
Institute of Technology in cooperation with the Research Labo- 
ratory of the AMERICAN Society or HEATING AND VENTILATING 
ENGINEERS and the Ventilating Contractors Employers Associa- 
tion of Chicago. The development of the work to date may be 
divided into the following four phases: 
1, Early work using grilles of simple design on supply 
led to the use of the formula 
CV (A +a) 
Q =—__—_ (1) 


? 


in which the coefficient K averaged 0.80, was found 
value 1.0 that it could usually be omitted from the formula. 
For more accurate results a table of coefficients varying 
with the velocity was proposed. 

2. The second stage of the research was devoted to ex- 
haust grilles. It was found that Formula 1, while appre- 
ciably more accurate than formulae formerly in common 
use, did not give as consistently accurate results as it did 
with supply grilles. A second formula, 

Q=KVA (2) 
in which the coefficient K averaged 0.80, was found to 
be somewhat more accurate, and therefore more desir- 
able because it did not require the measurement of free 
area of the grille. Again a table of coefficients varying 
with velocity was proposed for use where greater accuracy 
was desired. 

3. The third stage consisted of research on grilles of 
more ornate designs, ornamental plaster, ornamental iron 
and thick cast iron. Formula 2 was found to give quite 
accurate results in all cases, while Formula 1 was subject 
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to considerable error in some cases. The work on exhaust 
grilles may be considered as completed. On _ supply, 
Formula 1 was found to be accurate in the majority of 
cases. In a few cases, however, the results were not satis- 
factory and it is these cases that require further study. 
4. As there are several types of anemometers in use, 
and as the major part of this research was conducted with 
one type of instrument it was necessary to make a com- 
parison of the different kinds. Considerable time was de- 
voted to this phase of the problem, using five of the types 
in most common use. The results obtained with the 
different instruments were in very close agreement. 


necessary to know the gross area of the grille, which makes the 
calculations auite simple. 


5. HEATING UNITS 


Radiation—Direct and Indirect 
Technical Advisory Committee 
John Holton, Chairman 
R. M. Conner 
R. E. Daly 
R. V. Frost 
F,. E. Giesecke 
H, F. Hutzel 
A. P. Kratz 
F, McIntire 
V. T. Miller 
R. N. Trane 


The Technical Advisory Committee on Radiation (direct and 
indirect) has given particular consideration. during the past year 
to a number of problems. These include test methods to be used, 
specifications of test rooms, and the policy of the Laboratory 
regarding its entrance into the field of commercial testing of 


<_— 


radiators. 

At a meeting of the committee held during the Semi-Annual 
meeting of the Society, June 1931, the following six recommenda- 
tions were agreed upon as reported by the chairman: 
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The investigation will be continued at Armour Institute of 
Technology and will include the following three phases: 


1. Ornamental and other special types of grilles. In- 
vestigations last year showed that on supply grilles when 
the designs were characterized by largeness of detail (large 
solid parts and large openings), the results obtained with 
the new formula were not as accurate as would be desired, 
although in general more accurate than the results ob- 
tained with the formulae and methods previously used. 

2. In some cases such as ornamental grilles, heater 
cores and cases where deflectors or heaters are located in 
close proximity to the grilles (unit ventilators), there 
is considerable doubt as to what should be considered 
free area. 

3. In some cases, particularly in the case of long 
narrow grilles, the nature of the approach results in a 
strip of motionless or re-entering air along one edge. 
Where this condition extends in for several inches from 
the edge, the accuracy of the results will not be seriously 
affected, as the anemometer will come to rest at these 
points and thus bring down the average reading obtained 
by the proper amount. In the case of a long slender 
grille, however, a strip of quiescent air, say %4-in. wide, 
will not be sufficient to cause the instrument to read lower 
and yet is great enough to cause considerable error if not 
considered in the calculations. 

Considerable work has already been done on these special cases, 
but more should be done before a positive method can be stated 
for determining them. In many cases a simple modification in 
the procedure will be sufficient to insure reasonably accurate 
results. In other cases, particularly those in which it is difficult 
to determine the free area, some distinctly new method must be 


used. 
Experiments have been made with a hood or tube to fit over 
the entrance side of the anemometer. With this device it is only 


a. That for the present, no action be taken on the com- 
mercial testing of radiation, either exposed or concealed, by 
the Research Laboratory. The laboratory facilities can be 
used to better advantage along lines tending to clarify ap- 
proved methods of testing all forms of radiation. 

b. That codes for testing all forms of so-called radia- 
tion, both exposed and concealed, be developed and ap- 
proved by the Society. With these as a basis, other 
agencies may then be in a position to do all the necessary 
testing, then if desired, the AMERICAN Society oF HEat- 
ING AND VENTILATING ENGINEERS may consider the proper 
organization and equipment to undertake this commercial 
testing. Until such codes are a part of the approved pro- 
gram of the Society, it is not in a position to render needed 
service to the industry. 

c. That in view of the divided opinion and the many 
unknown factors involved in the effectiveness of the va- 
rious heating mediums, it is suggested, at least for the 
present, that the Technical Advisory Committee on Radia- 
tion go on record as favoring a condensation method prop- 
erly controlled as the measurement of the total heat de- 
livery from such equipment. In other words, a condensa- 
tion rating represents a load method and measures the 
amount of heat required by, and delivered to the heating 
equipment. 

d. That the Society continue to authorize the stud) 
of the utilization or effectiveness of the heat delivered 
by various types of heating equipment. This involves 
further investigations of the so-called heating effect, and 
should determine 

(1) Definition of heating effect. 

(2) Method of measurement. 

(3) Correct location of temperature control point. 

(4) Effect of variation in wall construction and 
wall temperatures. This work must lead 
to a standard procedure or code for the test- 
ing of heating effect as defined. 

e. That in view of the foregoing, a Committee be 
appointed to revise and bring up to date in the form of a 
code, the present exposed radiator test method, having in 
mind the desirability of correlating this code with that now 
under consideration on concealed radiation. The Commit- 
tee further recommends that these test codes be published 
in separate pamphlets available to all members for insertion 
in their book of A. S, H. V. E. Codes. 

f. That definite tests be authorized to prove whether 
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or not the so-called hot room method of testing gives the 
correct results, bearing in mind that if possible, this method 
should be approved due to its simplicity and low cost. Such 
a method would be within reach of all manufacturers, while 
the high cost of the cold room would tend to retard its 
universal acceptance. Such work is, at present, under way 
in the University of Illinois, and should be continued on 
both concealed and exposed heating units. 

The Society’s research work on heating units is now being 
carried on under the direction of Professors Willard and Kratz 
at the University of Illinois in cooperation with the Society’s 
Research Laboratory. Quoting from Professor Willard’s report, 
the following is an outline of the work now under way and 
planned for the future: 

GENERAL STATEMENT—This report presents in a 
very condensed and summarized form certain data per- 
tinent to the objectives, accomplishments, conclusions, fu- 
ture program, and expenditures for the investigation of 
radiator performance from the funds . provided by the 
AMERICAN Society oF HEATING AND VENTILATING ENGI- 
NEERS and the University of Illinois since April 1, 1931. It 
may be well to point out that the work in progress under 
the present agreement is, in part at least, a continuation 
of an investigation in this same field originally sponsored 
and supported by the /nstitute of Boiler and Radiator 
Manufacturers. 


OBJECTIVES—The investigation as now administered, 
beginning April 1, 1931, has proceeded with two principal 
objectives, which are being pursued in two separate and 
distinct testing plants located in the Mechanical Engineer- 
ing Laboratory at the University of Illinois. 


(1) A continuation of the study, in our room heat- 
ing testing plant, of the performance characteristics of 
the various types of cast iron radiators and various 
types of non-ferrous radiators having heating elements 
made of copper, brass, and aluminum assembled in en- 
closures acting as convectors. This plant was erected 
and completely equipped under the previous cooperative 
agreement with the /nstitute of Boiler and Radiator 
Manufacturers. 


NOTE: These tests are all being conducted under heating 
service conditions in actual rooms with outside air temperatures 
approximately zero degrees and with inside air temperatures 
taken at the 30-in. level of approximately 68 F. Comparisons 
between the different radiators tested are then made on the basis 
of steam condensed per hour and the air temperature gradient 
between ceiling and floor levels. It should be noted especially 
that while the air temperature at the 5-ft or breathing line 
level is alwa s recorded, it is the 30-in. level which is kept the 
same, at 68 F, and used as the common basis for comparison. 


(2) An entirely new study of exposed and concealed 
ferrous and non-ferrous radiator performance in a spe- 
cial warm-zvall testing booth. This study has involved 
the erection and operation of a test booth in accordance 
with the specifications contained in the “Proposed Code 
for Testing and Rating Concealed Gravity Type Radia- 
tion,” Edition of January, 1931, which was adopted in 
principle at the Annual Meeting of the Society, Janu- 
ary 1931. 


NOTE: In this test booth the same radiators which have 
been tested in the room heating testing plant (see item 1) will 
be again tested in accordance with the ‘“‘Proposed Code” for 
the purpose of obtaining correlation factors between the two 
plants with various types of radiators. 


ACCOMPLISHMENT S—Published results of the en- 
tire investigation to date appear in three Bulletins Nos. 
169, 192 and 223, and one Reprint, No. 1, of the Engineer- 
ing Experiment Station of the University of Illinois, and 
in three professional papers before the AMERICAN SOCIETY 
oF HEATING AND VENTILATING ENGINEERS. Only the Re- 
print and the last paper have been published since April 1, 
1931. A verbal report illustrated with lantern slides on 





| The latest edition of this code appears in the August 1931 issue of 
Heating, Piping and Air Conditioning, yp. 695. 





the tests in the warm-wall booth was made at the Semi- 
Annual Meeting of the Society, June, 1931. The papers 
are: 


(1) Investigation of Heating Rooms with Direct 
Steam Radiators Equipped with Enclosures and 
Shields, presented at the Annual Meeting of the 
A. S. H. V. E., January, 1929. 


(2) Wall Surface Temperatures, presented at the 
Semi-Annual Meeting of the A. S. H. V. E., 
June, 1930. 


(3) Steam Condensation an Inverse Index of Heat- 
ing Effect (see also Reprint No. 1, University 
of Illinois Engineering Experiment Station), 
presented at Semi-Annual Meeting of the A. S. 
H. V. E., June, 1931. 


Room Heating Testing Plant 

Altogether, about eight types of exposed and concealed 
cast-iron radiators, and about fifteen types of enclosures 
for these same radiators have been investigated and their 
performance characteristics determined in the room heat- 
ing testing plant under actual winter service conditions. 
In addition to these tests, about four types of ferrous and 
non-ferrous concealed convector heaters or radiators have 
been investigated in a similar manner, and similar per- 
formance characteristics determined. These latter tests 
and some of the former have been made since April 1, 1931, 
and will be reported on at the Annual Meeting of the So- 
ciety in January, 1932. 


Warm Wall Booth 

Two types of convector: heaters with non-ferrous heat- 
ing elements have been tested over a wide range of air 
temperatures in the warm wall booth. In each case, the 
relation between steam condensation and temperature of 
the air entering the heater has been established over a 
wide range of air temperatures. The testing work for 
establishing such relations cannot progress rapidly be- 
cause the surrounding air temperatures are determined 
by conditions in the large laboratory in which the booth 
is located. After the validity of the results obtained in the 
warm wall booth and the necessary correction factors for 
deviations from standard entering air temperatures have 
been completely established, work can progress more rapid- 
ly since but one entering air temperature will then be re- 
quired for each heater tested. Results of these tests com- 
paring the performance of convector heaters with direct 
radiators in the warm wall booth as well as in the room 
heating testing plant will be reported on at the Annual 
Meeting of the Society in January, 1932. 

CONCLUSIONS—From the results of tests in the 
room-heating testing plant several important conclusions 
relative to the performance of various types of radiators 
in heating rooms have been definitely established. 


1. Steam condensation is not a satisfactory index of 
radiator performance in heating rooms. The best radia- 
tors condense the /cast steam, not the most, for a given 
room temperature and outside temperature. 


2. Room temperature requires far more specific defini- 
tion than exists at present, usually understood to mean the 
average air temperature 5 ft above the floor. Tempera- 
tures read at such a level mean very little when com- 
paring widely different types of radiators, and their effect 
on human comfort in any room. 


3. A uniform agreement to read and guarantee room 
temperatures at a level of 30 in. above the floor would 
establish a satisfactory basis for the comparison of all 
types of radiators and the heating effect which they pro- 
duce in an ordinary room. 
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4. Heating effect is a more or less indefinite and mis- 
understood term at present since we have no way of meas- 
uring it in any usable or truly comparative units. A new 
basis of evaluation which will reflect the combined effect 
of radiation, convection, air movement, and humidity on 
human comfort is needed. The nearest approach to this 
at present is the eupatheoscope already developed and now 
in use in England. 

5. Radiators of the direct type when properly con- 
cealed in a given room with a correct enclosure will 
condense less steam for the same air temperature at the 
30 in. level, and maintain a smaller air temperature dif- 
ferential between ceiling and floor than the same identical 
radiators standing exposed. 

6. Improperly concealed radiators with incorrect en- 
closures will not only condense less steam but also will 
fail to heat the room satisfactorily when using the same 
identical radiators for both exposed and concealed condi- 
tions. 

7. The inner surface of the outside walls and glass is 
always at a lower temperature than the air in a heated 
room at any given level, and the air to wall differential 
increases very rapidly as the outside air temperature drops. 
This differential may amount to 12-17 F with zero outside. 

8. Human comfort in any room with much outside 
wall and glass surface is vitally affected by the condition 
described in item 7. Hence the inside air temperature 
at the 30-in. or 60-in. level which would produce human 
comfort in mild winter weather cannot possibly produce 
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equal human comfort in severe winter weather. As a re- 
sult of this fact and the condition named in item 9 follow- 
ing, the inside air temperature at any level must be raised 
in severe winter weather to maintain the same human 
comfort as in mild winter weather. 

9. Since the air temperature differential between ceiling 
and floor in any room with much outside wall and glass 
surface increases rapidly as the outside air temperature 
drops, human comfort based on a high level temperature 
reading such as 5 ft above the floor will be seriously 
affected in severe winter weather. This differential may 
amount to 15 to 20 F with zero outside. The maintenance 
of a constant comfortable air temperature somewhat nearer 
the floor, as at the 30-in. level is, therefore, most desirable 
in heating rooms by either exposed or concealed radiators. 

10. The most important conclusion from all of this re- 
search work is that tests of all types of exposed and con- 
cealed radiators for heating rooms must be made under 
actual service conditions if any correct conception of the 
complete performance characteristics and the effect on 
human comfort of such heating units is to be secured. 


Warm Wall Booth 

From the results of a very limited number of tests on 
concealed convector heaters in the warm wall booth, the 
following observations or tentative conclusions have been 
drawn: 

1. Based on the data so far obtained, the evidence 
supports the conclusion that the steam condensations ob- 
tained in the warm wall booth are valid, in that they are in 
agreement with those obtained in the room heating testing 
plant when run with the same temperature for the air 
entering the heater, or when the proper correction factor 
is applied to reduce the results to a common entering air 
temperature. 

2. The results so far also indicate that over a fairly 
wide range of entering air temperatures the heat output 
of the convector heaters varies as the 1.3 power of the 
temperature difference between the steam and the entering 
air with sufficient accuracy to justify the use of this relation 
for the correction to standard entering air temperature 
if the deviations from the standard temperature are kept 
within reasonable limits. 

FUTURE PROGRAM—It is quite apparent that one 
of the most important fields for future study in connection 
with radiator room heating has been indicated already in 
Item 4 of the Conclusions. 

Some progress has been made in designing and assem- 
bling auxiliary apparatus for a eupatheoscope, or instru- 
ment for measuring the comfort conditions in a room as 
evaluated by the heat loss from a copper cylinder with 
the surface temperature maintained at 75 F. Some ex- 
perimental work has been done to determine the most 
feasible arrangement of thermocouples and _ electrical 
heaters to be used in connection with this cylinder, as well 
as the adaptability of the recorders available. This 
eupatheoscope will prove a valuable supplement to the 
temperature gradients in the rooms in studying the heat- 
ing effects of various types of radiators. 

It is also probable that a rearrangement of the rooms 
in the present testing plant should receive very serious 
consideration. Undoubtedly, confirmatory tests using radi- 
ator and enclosure equipment already tested should be made 
in (1) large rooms of the same general proportions and 
characteristics, and (2) rooms with a single outside wall 
exposure instead of two outside walls. For these latter 
tests, the larger room is quite essential in order to secure 
adequate heat loss with only one wall. 

In the case of the warm wall booth, the future testing 
program should include further tests on exposed and con- 
cealed cast-iron steam radiators, more tests on convector 
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heaters with steam, and finally, a limited series of tests 
on all types of radiators with hot water. 


6. GARAGE VENTILATION 
Ventilation of Garages and Bus Terminals 


Technical Advisory Committee 
E. K. Campbell, Chairman 
D. S. Boyden 
H. P. Gant 
W. T. Jones 
W. C. Randall 
The Technical Advisory Committee has given a great deal of 
consideration during the past year to the continuation of the 
study of garage ventilation. Complete plans were recently per- 
fected for a study to be made by the Laboratory in the five-level 
basement garage of the 37-story Grant Building in Pittsburgh. 
This work will be undertaken at once. 


7. HUMAN COMFORT 
Air Conditions and Their Relation to Living Comfort 


Technical Advisory Committee 
C. P. Yaglou, Chairman 
O. W. Armspach 
W. L. Fleisher 
Dr. E. V. Hill 
Dr. R. R. Sayers 

Investigations under this Technical Advisory Committee have 
been carried on by the Society’s Research Laboratory in Pitts- 
burgh and by Professor Yaglou of the Harvard School of Public 
Health during the past several years. 

a. During the past year the Laboratory completed the 
study of heat loss from the bodies of men working and 
presented a paper to the Society on this subject. 

b. The Laboratory has since completed the study of 
heat and moisture loss from the bodies of children of school 
age and the verification of application of effective tempera- 
ture scale to school house ventilation. A paper on this 
subject was presented at the annual meeting of the Ameri- 
can Public Health Association in Montreal in September, 
1931. 

c. The Laboratory has under way in Pittsburgh the 
study of the effect of cold wall surfaces on the desirable 
effective temperature comfort. 
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As soon as work now under way in the psychrometric chambers 
in the Laboratory in Pittsburgh is completed, the following two 
projects will be understaken: (a) 
and bacteriological effects of humidity and changes of humidity on 
(b) A study of physiological and bac- 
teriological effects of cold and the effects of drafts, low tempera- 
ture, etc. on the human organism. 


A study of the physiological 


the human organisms. 


Under the general heading of the study of vital characteristics 
of the atmosphere, Professor Yaglou of the Harvard School of 
Public Health in cooperation with the Research Laboratory has 
been working on the following three investigations : 

a. A study of the differences in ionic content in out- 
door air and expired air, and the effects of room occupancy 
upon ionic content. 

b. De-ionizing effect of air-conditioning methods and 
apparatus. 

c. A thorough study of diurnal and seasonal variations 
in atmospheric ionization, both out of doors and indoors, 
in Boston, and in at least three other cities having dif- 
ferent climates. Observations to be correlated with cor- 
responding variation in the incidence of seasonal diseases. 

Items a, b and part of c were approved by the Research Com- 
mittee early this year and are now being studied. A progress 
report on the changes in ionic content of air in occupied rooms 
and on the de-ionizing effects of air-conditioning methods and 
apparatus has already appeared in the October issue of Heating, 
Piping and Air Conditioning and will be presented to the Annual 
Meeting of the Society, January 1932. 

The Committee on Research recently approved the study of 
subject c to cover at least three other localities, namely Pitts- 
burgh, Denver, and one or two other cities on the Pacific Coast. 

The Technical Advisory Committee has 
following 


recommended the 
five subjects for future investigation: 

a. A study of the growth of organisms and insects in 
air-conditioned rooms and in air washers, Baudelot coolers, 
etc., with the object of finding a water soluble, non-toxic, 
element for checking or 
organisms. 


preventing growth of lower 
b. The effect of space charge (ionic unbalance) on the 
colloidal state of certain substances (milk, yeast, glue, and 
other common gelatinous substances). 
c. A thorough study of air requirements for ventilation 
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both in winter and summer under customary seasonal range 
of room temperature and humidity. Experiments to be 
carried on in a conditioned chamber using an ideal labora- 
tory system of distribution and a temperature rise of 10 to 
30 F in the summer experiments. 

d. A study of air distribution with the object of im- 
proving present systems, or developing new and more 
efficient systems. 

e. Organization of a new committee on Refrigeration 
in Relation to Air Conditioning for the purpose of dissemi- 
nating knowledge and sponsoring research. 


8. OIL HEATING 


Oil and Gas Burning Devices 


Technical Advisory Committee 
. E. Seeley, Chairman 

M. Conner 

. E. Fansler 

. S. Franklin 

. V. Frost 

C. Morgan 

. F. Tapp 

A study of methods of testing oil burner boiler combinations 
is being carried on under the direction of Professor Seeley of 
Yale University in cooperation with the Research Laboratory of 
the AMERICAN Society oF HEATING AND VENTILATING ENGI- 
NEERS and the American Oil Burner Association. The investi- 
gation has for its purpose the development of a standard code for 
testing oil burners—boiler or furnace combinations. As a re- 
sult of the work so far completed, there has been prepared and 
submitted to the Society a Code for Testing Low-Pressure Steam 
Heating Boilers Burning Oil Fuel’. Also, a complete report of 
a study of sixteen combinations of different boilers and burners 
showing (a) effect of various fuel burning rates upon quality of 
combustion (b) effect of draft fluctuation upon combustion (c) 
the effect of quality of combustion upon the efficiency and upon 
the flue gas temperature, (d) characteristic efficiency curves, 
(e) influence of heating surface upon efficiency, (f) influence of 
burner type on efficiency, (g) sound measurements, (4) power 
requirements of oil burners, (i) actual heat liberation rates per 
cubic foot of furnace volume, (/) characteristic efficiency curves 
due to intermittent burner operation, etc. 

A paper will be presented at the Annual Meeting of the Society, 
January 1932 giving the results of a more intensive study of inter- 
mittent burner operation. This matter is a practical one since it 
represents what actually occurs in practice and will look towards 
constructive steps in the proper application of boiler and boiler 
load for best results on intermittent operation as well as con- 
sidering means of control (i. ¢., pressure or thermostatic). 

A study is being made of possible methods of testing hot water 
and vapor installations. It is felt that the type of heating system 
also has some influence upon overall economy. In the event of 
satisfactory test methods being worked out, there will then be 
a basis for the development of two test codes. 
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9. SOUND 


Sound in Relation to Heating and Ventilation 
Technical Advisory Committee 
F. B. Rowley, Chairman 
Carl Ashley 
Warren Ewald 
R. F. Norris 
G. T. Stanton 
This is a new project given consideration by the Committee 
on Research and the Technical Advisory Committee during the 
past year. No work has been undertaken in the Laboratory. 
The Technical Advisory Committee is studying the problem 
under the following three headings : 
a. The selection or development of a standard method 
and standard equipment for measuring sound. This must 








2See Heating, Piping and Air Conditioning, April 1931. 
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be accurate, reliable and should be reasonably cheap and 
convenient for field operation. 

b. A study of the causes of sound in ventilating equip- 
ment and a better understanding of methods of eliminating 
sound at its source. 

c. A study of the methods of reducing the effect of 
unavoidable sounds and noises to unobjectionable levels. 


10. AIRATION 


Infiltration in Buildings 


Technical Advisory Committee 

G. L. Larson, Chairman 

J. E. Emswiler 

F. E, Giesecke 

W. C. Randall 

W. A. Rowe 

J. G. Shodron 

Ernest Szekely 

M. S. Wunderlich 

With the completion of the studies of infiltration through built- 

up wall sections of different types of construction, the future 
study of infiltration has been directed towards other phases of 
the general question of airation of buildings. Five projects have 
been approved by the Technical Advisory Committee. Work 
on some of these projects was carried on during 1931 under the 
direction of Professor Larson at the University of Wisconsin in 
cooperation with AMERICAN Society oF HEATING AND VENTI- 
LATING ENGINEERS Laboratory. The committee has recommended 
that other work proposed by it be carried on at the laboratory in 
Pittsburgh and elsewhere. The following are the five projects 
as prepared by the Technical Advisory Committee: 


a. STUDY OF DOUBLE HUNG WOOD WINDOWS. 


Following the suggestion made in the last paragraph of the 
paper on Air Infiltration Through Double-Hung Wood Windows 
as reported at the Semi-Annual Meeting, June 1931 that the 
windows of that program be exposed to wear and weather, a 
shelter house has been built for that purpose. The fourteen win- 
dows of the test program are in the weather-stripped condition, 
nine with an average crack and clearance and five with a fit 
representing poor conditions. 

The windows have been carefully painted on the outside ex- 
posed surface and stained and varnished on the inside surface 
in the same manner as would be done in house construction. 
Each window sash was opened and closed thirty-five times so 
as to free the sash perimeter surfaces of surplus paint. The 
windows were then retested for air leakage before installation 
in the shelter house where they are exposed to ordinary weather 
on the outside and the inside will be at 70 F. The framing of 
the house is made in such a way that the windows can be in- 
stalled or removed for further testing with the minimum of effort. 
The temperature will be maintained at 70 F by thermostatic 
control. 

It is proposed to open and close each sash a definite number 
of times each week to provide an element of wear present in 
actual building constructions. At intervals the pulls required to 
operate the sash will be taken and recorded. At any time it is 
deemed advisable the window may be removed and tested for 
air leakage in the laboratory. It is proposed to do this at the 
end of each year of exposure. 

The pull to raise and lower the sash has considerable im- 
portance. Weatherstripping is often resorted to to make a sash 
that works freely and yet does not rattle. The original plain 
windows of this program worked very freely. The installation of 
the weatherstrips increased the sash pulls but the windows were 
still very easily operated. It would seem that since a weather- 
strip increases the sliding contact surface area that it must 
necessarily increase the sash pulls over those for the freely 
operating plain window. The exposure tests will determine 
whether this increase in required sash pulls is permanent or 
whether it will decrease with the length of time of exposure. 
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Another question of interest is to determine whether the three 
different types of weatherstrips represented maintain their ef- 
ficiency in preventing air leakage equally well. There is a feel- 
ing among some weatherstripping mechanics that certain types 
of strips can be fitted to show up well on strictly laboratory 
tests, but that upon exposure to wear and weather, they will not 
maintain a high efficiency. 


bh, EFFECT OF ELIMINATING VENT OUTLETS IN 
SCHOOL ROOM VENTILATION, OR EXFILTRA- 
TION IN VENTILATED AREAS. 


Tests have been made on the ventilation of a typical class room 
in one of the Madison, Wis., public schools. The study was 
undertaken to determine the effect of outlet ducts in providing 
ventilation that is proper in amount and distribution. 

This school building is equipped with unit ventilators equipped 
with d-c motors so that the output in cubic feet of air may be 
readily changed. Anemometers were used to determine the air 
quantities at the unit ventilator and at the outlet grille. The 
anemometers were carefully calibrated by moving at various 
speeds over the circumference of a 26-ft diameter circle with an 
electrical means of starting and stopping the anemometer while 
in motion. 

A duplicate unit ventilator was set up in the laboratory to 
which air was supplied by a motor-blower through a duct work. 
The purpose of this set-up was to calibrate the anemometer for 
use on the grille of the unit ventilator. Similarly a duplicate 
outlet duct and grille was set up in the laboratory and the 
anemometer calibrated for use against this grille. A Pitot tube 
was used for air measurement in these calibrations. 

The tests in this school room showed that about 55 per cent 
of the air entering the room through the unit ventilator was dis- 
charged through the outlet duct and grille under normal operat- 
ing conditions. When every visible crack in the room was sealed, 
the capacity of the unit ventilator was reduced to 72 per cent of 
its normal capacity. In this test the outlet duct, the door and 
transom, and the sash perimeters of all windows were sealed. 
In addition all large plaster cracks and joints in the mullions were 
sealed. When the seal was removed from the door and transom 
leading to the corridor, the air quantity increased to 85 per cent 
of normal capacity. The removing, in addition to this, of the 
seal on the sash perimeters of the windows increased the air 
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delivery of the unit ventilator to 92 per cent of the normal 
capacity as found with the outlet duct open. Tests are to be 
made under winter heating conditions to determine the influence 
of outlet ducts on the air distribution within the room. 

Similar tests are being made on‘a 23-ft by 32-ft class room in 
the new Mechanical Engineering Building of the University of 
Wisconsin. The classrooms in this building are ventilated by a 
central fan system. In the tests made so far the regular inlet 
to the room from the central fan system has been kept closed. 
A motor-blower has been set up to draw in air from outside 
through a duct equipped with a Pitot tube for air measurement. 
The use of the motor-blower set-up makes it possible to measure 
the air coming into the room accurately and further eliminates 
the influence of the other ventilated rooms on the ventilation of 
the room under study. The central fan system was kept in opera- 
tion during all tests so as to maintain normal conditions in the 
corridor into which the class room air is discharged. The air 
delivery has been measured under various conditions, such as 
with the outlet louvers in the door, the perimeter of the windows 
and door, sealed and not sealed. 

Tests when approximately 1200 cfm are being supplied to this 
class room by the motor-blower check the results found for the 
city school class room. When the outlet louvers were sealed, the 
air volume was reduced to 92 per cent of the normal amount. 
Sealing the door perimeter in addition reduced the air volume 
to 85 per cent of normal. Sealing the window perimeter so 
that all visible openings were sealed, reduced the air volume 
to 74 per cent of normal. The determination of the amount of 
air passing through the louvers in the door which constitute 
the outlet opening for the room awaits the determination of the 
proper calibration coefficient for the anemometer when used under 
these conditions. This is to be done in a laboratory set-up where 
the air may be measured by a Pitot tube. 
be done in the class room since it seems impossible to find and 
stop all exits for air. 

The drop in pressure in inches of water from the room to the 
for normal operation, 0.018 in., for the 


This, of course, cannot 


corridor were as follows: 


louvers sealed, 0.320 in., for the louvers and door perimeter 
sealed, 0.578 in., and for the louvers, door and window perimeter 
sealed, 1.020 in. 
and accounts for the maintenance of a high air delivery as the 
openings available for exfiltration are reduced. 


This shows considerable building up of pressure 
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The results obtained no doubt depend on the characteristics of 
the system used to supply the air. In any particular case, that 
is, with the use of a central fan, a unit motor-blower or a unit 
ventilator the influence of the various outlets for air depends 
on the characteristics of the air supply unit as to the change 
in air delivery with a change in delivery pressure. Results 
obtained with a motor-blower set-up probably apply only to such 
a set-up, and more particularly to a motor-blower set-up having 
the same characteristics of air delivery and discharge pressure 
as the one used on the tests. This factor likely is more serious 
with unit ventilators than with fan systems either unit or central 
in type that are designed to work against a considerable 
resistance. 

A unit ventilator is to be set up in this same class room and 
the delivery of air under various conditions of sealing determined. 
Quite likely the sealing of various air outlets will have a greater 
effect than in the case of the motor-blower set-up. This room 
and the building in which it is located are of the best and of 
new construction. The only evident places for air to get out of 
the room are around the overhead supply main at the wall par- 
titions into adjoining class rooms, around two %-in. return risers 
leading to the main laboratory space, and around the trim of the 
door. The openings around the steam main are only effective 
when the pressure in the class room under test is higher than 
in adjoining class rooms, which likely happens only under test 
conditions with some of the normal openings sealed. The pipe 
covering on the main fits against the plaster walls very tightly so 
that no opening is visible at these locations. 

Tests will also be made with the central fan system supplying 
air to the class room under test. It will be necessary to deter- 
mine the proper coefficient for an anemometer for the inlet grille 
in this case. The tests of a single room are presumed to present 
typical results for all of the rooms connected to a central system. 
When tests are made with the outlet louvers sealed or the door 
or window perimeters sealed, it would seem necessary to apply 
the same sealing to all of the other rooms supplied by the central 
fan system. If this is not done, the building up of resistance in 
the room under test would cause a shift of air delivery to the 
other rooms. This complicates greatly the testing when the cen- 
tral fan system is used to supply air to the test room. Since the 
motor-blower used on the first series of tests is a pressure fan 
very similar in type to the central fan, likely this first series 
gives a close determination of the behavior to be expected with a 
central fan system. 

The motor-blower set-up is not arranged to deliver the air into 
the room in a uniform way so that air distribution tests will not 
be made. Such tests will however be made with the unit ventila- 
tor set-up and the central fan system supplying air to the room. 


c. AIR DRIFT AROUND BUILDINGS. 


This project has been discussed in previous reports. The phase 
concerned is the effect of outside wind conditions on so called 
window ventilation, particularly relating to schools. 

Readings are being taken to determine the variation in the 
amount of air entering through an open window at various wind 
velocities. Two class rooms of about the same size have been 
selected on the second floor, one on the north side and one on 
the south side. The building is four stories high but has a fully 
exposed and heated basement with outside openings. It is con- 
sidered that the rooms are near the center of the height of the 
building, so that temperature effect is as small or smaller than 
it would be at any other place in the building. The inlet ducts 
are kept closed. The outlet ducts so far have been kept open. 


One window in each room is opened a definite height such as 
would be used for open window ventilation. An anemometer is 
set in each opening and readings observed at five-minute intervals. 
At the end of one-half hour, anemometers are exchanged and 
readings continued another one-half hour so as to eliminate any 
differences that may be due to anemometers. Corrections are 
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applied to the anemometers, but of course if the velocity is very 
low the reading is not accurate. 

The wind velocity and direction of the wind is obtained from 
the weather station located on the roof of the next building. The 
wind velocity is obtained in direction for each minute of every 
five minutes and in velocity over the five-minute periods. The 
assumption is made that only the wind velocity normal to the 
wall surface affects the inflow of air, and the velocity in directions 
other than normal are reduced to the normal component. Since 
there might be a time lag between the wind velocities at the 
weather station and at the windows concerned, the one-half hour 
averages are used for plotting. 

Only in one case was it found that air was flowing out through 
the window. This happened when the outside temperature was 
81 F. In all cases, there was an inflow of air on the leeward 
side due to the temperature effect. 

If the rough assumption is made that the difference in the two 
inflow velocities is the effect of the wind, the points very roughly 
determine a straight line passing through zero. This shows that 
every mile of wind velocity causes an increase in inflow velocity 
on the windward side of 40 fpm. Again, if the rough assumption 
is made that the inflow on the leeward side is all due to tem- 
perature effect, the points very roughly determine a line passing 
through zero that gives an increase in inflow on either side of 
100 fpm for each 10 deg temperature difference. 

The variation in inflow and outflow openings in the building 
as a whole affect the neutral zone. These openings change with 
the outside temperature. Likely there were many openings when 
the outside temperature was 81 F. At the same time, probably 
the temperature inside was higher than 70 F. The wind is ex- 
tremely variable in direction and velocity and the weather station 
figures and directions likely do not give the correct readings at 
all times. For instance, the wind if it were steady between north 
and northeast for one minute would be recorded as one or the 
other, whereas, actually the velocity was between the two. The 
anemometers, although kept well cleaned and oiled and reserved 
for this use, are not accurate at low velocities. The readings 
during the winter will be mostly with a north wind and a large 
temperature difference. It is highly improbable that an outflow 
will be found on the leeward side during this season. 

As a variation of the foregoing procedure, the inflow of air 
with the outgoing ducts blocked is to be tried. Undoubtedly, 
the inflow through the leeward window is due largely to the 
large area permitting air to leave the room in the outgoing ducts. 
This, of course, needs a temperature difference to act, unless 
there is an aspirating effect from the air leaving other parts of 
the building through the outlet ducts. A trace of air currents 
with open window ventilation would be of interest to show veloci- 
ties and distribution through the rooms. Likely, there is a 
shorting along the floor to the outlet duct. 
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The present plan is to complete the series with the outlet duct 
blocked and incorporate the results in a paper on Effect of Elim- 
inating Vent Outlets in School Ventilation. 


d. AIR STRATIFICATION IN CONFINED SPACES AND 
THE EFFECT OF CROWDS AND AIR MOVEMENT 
ON THE SAME. 

This study was begun last winter in the new University of 
Wisconsin Field House. The height of this indoor stadium is 
approximately 100 ft from floor to peak of roof. The building 
is designed to eventually seat about 12,000 people and at present 
accommodates about 8000. There is a difference in altitude of 
about 45 ft between the lowest and highest rows of seats. 


Test readings were made at all the basketball games during 
the winter of 1930-31. Temperature readings were taken at 
10-ft intervals from floor to roof and also at various rows of 
seats. Humidity readings were taken with a recording instru- 
ment. Unfortunately last winter was an unusually mild one in 
Wisconsin, and the coldest temperature at any basketball game 
was about 20 F above zero. It is planned to continue this work 
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during the 1931-32 basketball season in the hope that it will be 
possible to study the conditions that will arise when the outside 
temperature is around zero and below. 

e. INFILTRATION AND EXFILTRATION IN TALL 

BUILDINGS. 

This is a project the committee has had under consideration 
for some time, and some data are available upon the subject. It 
is proposed that this study be undertaken by the Laboratory in 
Pittsburgh on some tall building. 


11. PUMPS AND TRAPS 
Devices for Handling Condensation and Air 
Technical Advisory Committee 

E. K. Lanning, Chairman 
W. E. Barnes 

C. A. Dunham 

I. C. Jennings 

F. J. Linsenmeyer 
J. C. Matchett 

A. W. Moulder 
E. J. Ritchie 

W. K. Simpson 
H. G. Thomas 

R. H. Thomas 


This is a new project considered by the Committee on Research 
during the past year. The Technical Advisory Committee is 
studying the problem with a view of outlining its needs. 


12. REFERENCE DIRECTORY 
Correlating Thermal Research 
Technical Advisory Committee 

R. M. Conner, Chairman 
D. S. Boyden 

P. D. Close 

J. C. Fitts 

W. T. Jones 

H. T. Richardson 

Perry West 

At the last annual meeting of the AMERICAN Society oF HEat- 
ING AND VENTILATING ENGINEERS held in Pittsburgh January 26 
to 29, 1931, the Research Committee received a proposal from the 
Directors of the Association for Correlating Thermal Research 
that the card catalogs of available literature developed by the 
Association together with the physical property of the Associa- 
tion and the funds and pledges in its treasury be taken over and 
administered as a function of the Research Laboratory. 

The Committee on Research agreed to take over the property 
and activities of the Association at the close of the present year, 
with the understanding that the Association continue to function 
under its Board of Directors and its own finances during the 
year. The Technical Advisory Committee on Correlating Ther- 
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mal Research of the Committee on Research was appointed to 
look after the Research Laboratory's interest in the undertak- 
ing during the current year, and to receive the property and 
administer the work after the transfer to the Laboratory had 
been made. This transaction will be consummated before the an- 
nual meeting of the Society. 

The annual Directory was published during the year. In get- 
ting out the new Directory, much wider cooperation was enjoyed 
from other associations, institutions and universities than ever 
before, with a result that the current Directory is more com- 
prehensive and valuable and the influence of the Association in 
correlating research in this branch of the engineering industry 
has been extended. In developing cooperation with allied organ- 
izations, a deeper appreciation on the part of other organizations 
was noticed. 

The Librarian of the Association continued to receive and 
answer inquiries for information pertaining to published litera- 
ture and research activities. This branch of the work of the 
Association, which is the real object for which the work was 
originally undertaken, is being more fully realized. Copies of the 
Directory may be had by addressing the A. S. H. V. E. Labora- 
tory, 4800 Forbes St., Pittsburgh, Pa. 





National Research Council Organization 
and Members 


A pamphlet has recently been issued by the National Research 
Council giving its organization and members for 1931 and 1932. 
The National Research Council is a cooperative organization of 
the scientific men of America. Its members include, however, 
not only scientific and technical men, but also business men inter- 
1916 


by the National Academy of Science and enjoys the cooperation 


ested in engineering and industry. It was established in 
of the major scientific and technical societies of the country, its 
membership being largely composed of 77 of these societies, rep- 
resentatives of certain other research organizations, representa- 
tives of government scientific bureaus, and a limited number of 
members at large. 
committees and subcommittees. 


The Society is represented on several of the 


Among the various methods of contributing practical assistance 
to American science in harmony with the general point of view 
which the National Research Council has so far adopted, per- 
haps the most important is the establishment of special commit- 
tees of carefully chosen experts for specific scientific subjects or 


problems urgently needing consideration, who shall plan modes 
ot attack and 


undertake to find men and means. 
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PROGRAM 
38th Annual Meeting 


AMERICAN Society OF HEATING AND VENTILATING ENGINEERS 


Hotel Statler 


Monday—January 25th 

A. M.—Finance Committee 

A. M.—Committee on Ventilation Standards 

A. M.—Meeting of the Council (Parlor C) 

Noon—Registration (Mezzanine) 

P. M.—Luncheon for Officers and Authors (Parlor G) 

P. M.—Meeting Committee on Research (Parlor O) 

P. M.—Opening of Second Heating and Ventilating Ex- 
position (Cleveland Auditorium) 

P. M.—Joint Dinner-Meeting of the Councils of the A. S. 
H. V. E. and A. S. R. E. and their wives (Hotel 
Cleveland) 

P. M.—Committee on Radiation (Parlor R) 


Tuesday—January 26th 
A. M.—First Session (Ball Room Hotel Statler) 
Address of Welcome 
Response by Pres. W. H. Carrier 
Reports of Officers 
Report of Council 
Reports of Council Committees 
Membership, Roswell Farnham, Chairman 
Publication, W. A. Rowe, Chairman 
Report of Committee on Research, C. V. Haynes, 
Chairman 
Report of Director of Research Laboratory, F. 
C. Houghten 
Reports of Special Committees 
Guide Publication Committee, 
Chairman 
Committee on Increase of Membership, C. W. 
Farrar, Chairman 
Reports of Continuing and Cooperating Committees 
Report of Tellers of Election, F. A. Kitchen, 
Chairman 


D. S. Boyden, 


Technical Papers: 
Surface Coefficients as Affected by Direction of 
Wind, by F. B. Rowley and W. A. Eckley 
Conductivity of Concrete, by F. C. Houghten and 
Carl Gutberlet 
Transmission of Radiant Energy Through 
Glass, by R. A. Miller and L. V. Black 


P.M.—Seconp Session (Ball Room, Hotel Statler) 
Technical Papers: 
Importance of Radiation in Heat Transfer 
Through Air Spaces, by E. R. Queer 
Heat Emission from Iron and Copper Pipe, by 
F. C. Houghten and Carl Gutberlet 
Hot Water Friction Heads in One-Inch Cast 
Iron Tees, by F. E. Giesecke and W. H. Bad- 
gett 
Some Fundamental Considerations of Corrosion 
in Steam and Condensate Lines, by R. E. Hall 
and A. R. Mumford 
P. M.—Inspection of Second Heating and Ventilating Ex- 
position 
P. M.—Informal Reception including entertainment and 


Monte Carlo (Ball Room Hotel Statler) 


W ednesday—January 27th 
A.M.—Tuirp Session (Little Theatre, Cleveland Audi- 
torium ) 
Joint Meeting with A. S. R. E.—Program arranged 
by A. S. H. V. E—Pres. W. H. Carrier presiding 


January 25-29, 1932 
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Cleveland, Ohio 


Technical Papers: 
Changes in Ionic Content of Air in Occupied 
Rooms Ventilated by Natural and by Mechan- 
ical Methods, by C. P. Yaglou, L. C. Benjamin 
and S. P. Choate 
Acoustical Problems in Heating and Ventilating 
of Buildings, by V. O. Knudsen 
Heat Transmission as Influenced by Heat Ca- 
pacity and Solar Radiation, by F. C. Houghten, 
J. L. Blackshaw, Paul McDermott and E. M. 
Pugh 
Field Studies of Office Building Cooling, by 
S. S. Sanford, E. P. Wells and J. H. Walker 
P. M.—Trip to Akron (Goodyear-Zeppelin Hangar) with 
A. S. R. B. 
(Buses leave from Hotel Statler) 
P. M.—Dinner for Past-Presidents and Wives 
Room, Hotel Statler) 
P. M.—Chapter Relations Committee 
Ladies’ Theatre Party at Keith’s Palace 
P. M.—Inspection of Second Heating and Ventilating Ex- 
position 
Thursday—January 28th 
A. M.—Fourtu Session (Little Theatre, Cleveland Audi- 
torium) 
Joint Session with A. S. R. E—Program arranged 
by A. S. R. E—Alvin H. Baer presiding 
Technical Papers: 
Application of Electric Refrigeration to the 
Heating and Cooling of Houses, by F. H 
Faust, E. W. Roessler and A. R. Stevenson, 
Jr. 
Air Conditioning Applied to Cold Storage In- 
cluding a New Psychrometric Chart, by C. A. 
Bulkeley 
Biological Aspects of Thermal Engineering, by 
Samuel R. Prescott 
P. M.—Luncheon Meeting 
Nominating Committee 
P. M.—FirtH Session (Ball Room, Hotel Statler) 
Report of the Committee on Testing and Rating 
Unit Ventilators, John Howatt, Chairman 
Report of Committee on Ventilation Standards, 
W. H. Driscoll, Chairman 
P. M.—Ladies’ Bridge (Chamber of Commerce) 
P. M.—Annual Banquet and Dance (Ball Room, Hotel 


Statler) 
Friday—January 29th 


A. M.—Srxtu Session (Ball Room, Hotel Statler) 
Technical Papers: 
A Study of Intermittent Operation of Oil Burn- 
ers, by L. E. Seeley and J. H. Powers 
Room Warming by Radiation, by A. H. Barker 
Comparison of Performance of Conductor Heat 
ers, by A. P. Kratz 
A Study of the Combustible Nature of Solid 
Fuels, by R. V. Frost 
Installation of Officers 
Resolutions 
Adjournment 
P. M.—Luncheon and Meeting of Council (Tavern Room, 
Hotel Statler) 


(Tavern 


2:30 P. M.—Inspection Trips to Cleveland Industrial Plants 
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Local Chapter Reports 





Cleveland 


December 2, 1931. The December meeting of the Cleveland 
Chapter was called to order in the rooms of the Engineering 
Society by Pres. W. E. Stark. 

Announcements received from A. V. Hutchinson, secretary of 
the Society, regarding the membership, employment and other 
Society activities were read, and these caused considerable dis- 
cussion. 

President Stark spoke briefly on limited membership and pre- 
sented to the Chapter the recommendations of the Board of 
Governors for this class of membership. It was moved and 
seconded that steps be taken to obtain from the parent body 
approval of these recommendations in order that they may be put 
into operation. The motion was carried, and then President 
Stark brought out the point that members had two things to 
sell—membership in the Society, and failing in that—limited 
membership. 

He also spoke on the unemployment situation, mentioning the 
joint meeting of representatives of the fourteen sections of Na- 
tional Technical Societies whose aim is to organize a joint com- 
mittee on technical employment. 

T. A. Weager, General Chairman for the Annual Meeting, 
told of some of the arrangements that were being made for 
entertainment during the meeting. 

The speaker of the evening was J. C. Miles, who spoke on 
the subject of Air Conditioning the American Home. He ex- 
pressed the opinion that the systems of heating that were being 
designed at present were out of date and that the future would 
see an increase in the use of convection heating with conditioning 
of the air. 

An interesting and spirited discussion followed the talk, and 
a vote of thanks was extended to Mr. Miles. 


Western New York 


January 11, 1932. Pres. Joseph Davis received reports from 
the various committees which had functioned during his admin- 
istration, and thanked all for the hearty support given him dur- 
ing the past year. 

An unanimous vote for the election of officers for the coming 
year was recorded as follows: 


President—M. C. Beman 

lst Vice-President—D. J. Mahoney 
2nd Vice-President—)]. J. Yager 
Treasurer—W. F. Johnson 
Secretary—W. E. Voisinet 


An enthusiastic discussion of the Annual Meeting of the So- 
ciety to be held in Cleveland was started by Roswell Farnham 
and practically the entire Chapter signified its intention of 
attending. 

H. M. Hammond, Bailey Meter Co., was the speaker of the 
evening, and talked on The Use of Recording Instruments in 
the Boiler Room. With the aid of interesting and descriptive 
slides, Mr. Hammond gave a very instructive and entertaining 
talk on metering devices covering a wide range of typical boiler 
plants. Measurement and charting of steam, draft, feedwater, 
etc., were clearly described and it was shown how the graphic 
relation as indicated was used to cut down boiler costs. A dis- 
cussion followed the address, after which a vote of thanks was 
given to Mr. Hammond. 


December 14, 1931. The Western New York Chapter of the 
Society held their annual Christmas stag party at the University 
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Club, where 40 members and guests enjoyed bowling and cards, 
the party being in the form of a Monte Carlo. 

A short business meeting was presided over by Pres. Joseph 
Davis, and the following slate of officers were announced for the 
coming year: President, Myron C. Beman; First Vice-President, 
D. J. Mahoney; Second Vice-President, J. J. Yager; Treasurer, 
W. F. Johnson; Secretary, J. J. Landers. 

President Davis was named as representative and Mr. Ma- 
honey as alternate to serve on the Nominating Committee at the 
Annual Meeting to be held in Cleveland, January 25-29, 1932. 


Minnesota 


December 21, 1931. The Minnesota Chapter of the Society 
held its regular meeting at the Washburn High School, with 
61 members and guests present, and Pres. H. E. 
siding. 

Following an excellent dinner, a short business meeting was 
held, at which time President Gerrish introduced 
members. 

Albert Buenger, as chairman of the Membership Committee, 
gave a report on the membership in the Chapter. Prof. F. B. 
Rowley was then called upon and spoke on Society activities. 

C. E. Lewis was appointed as representative on the Nominating 
Committee, with A. J. Huch as alternate. 

The meeting was then turned over to A. L. Sanford, engineer 
for the Board of Education. Mr: Sanford described briefly the 
mechanical features of both the Washburn and Ramsay schools, 
and then introduced the speakers of the evening, Paul Smith, 
Industrial Welding Co., who gave a short talk on welding, with 
reference to some of the welding features used in the Ramsay 
school and E. T. Bros, Wm. Bros Co., who spoke on stokers, 
dealing with the development of stokers, and also, the cost of 
operation as compared with other fuels. 

H. S. Morton, Stott Stoker Co., also gave a short talk on 
stokers, dealing with the engineering data required and the 
method of selecting a stoker for the required load. 

Following these talks an inspection was made of the boiler 
room which carries the heating load for both schools, then a 
trip through the tunnel from the Washburn High to the Ramsay 
Junior High, and a preview of the Ramsay Junior High which is 
to be opened in January. 


Gerrish pre- 


some new 


Illinois 


January 11, 1932. The January meeting of the Illinois Chapter, 
held in the Crystal Room of the Hotel Sherman, was officially 
designated as “Ladies Night” and 27 women were present in 
addition to 63 men. As a feature of the evening, special music 
and entertainment was provided by the Chapter. 

Pres. J. J. Aeberly announced the death of James H. Davis 
on January 5, 1932. Mr. Davis was a Charter and Life Member 
of the Society and one of its oldest members, having joined with 
the original group in 1895 and serving on the Council in 1911. 

John F. Hale presented the following resolution and it was 
unanimously voted that this should be spread upon the minutes 
and a copy sent to the family of Mr. Davis: 

Whereas, James H. Davis was a Charter Member of the Amer- 
ICAN Society OF HEATING AND VENTILATING ENGINEERS and also 
of the Illinois Chapter, and 

Whereas, he was a valuable and untiring member during the 
years of his activity and is recalled by a host of friends for his 
personal charm and good fellowship, and 

Whereas, his spirit has passed on to enjoy his unity with 
Almighty God, be it 
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Resolved, that we, his friends and associates, hereby express 
our gratification of having known him, and be it further 

Resolved, that this resolution be spread upon our records and 
a copy be sent to his widow and family, that they may know 
with what high esteem he was held in our hearts. 

An announcement was made by President Aeberly that due 
to a misunderstanding about the procedure at the December 
meeting in connection with the amendment to the Constitution 
and By-Laws, the committee, which prepared the amended Con- 
stitution, and a committee of those protesting the December 
action had met several times and had been appointed as a stand- 
ing committee to continue to work on the matter. President 
Aeberly said that no definite action could be taken until the 
Council had rejected or approved the form of Constitution passed 
at the December meeting and submitted to them. 

In introducing the speaker of the evening, Loran D. Gayton, 
assistant city engineer, President Aeberly mentioned briefly the 
scope of the work in which Mr. Gayton is interested, the mag- 
nitude of the project on which he is working, and his ability as 
an engineer and a speaker. 

Mr. Gayton then addressed the meeting on the subject of 
Chicago as a Seaport and showed specifically just what the deep 
waterway to the sea proposed to do and what vital importance 
it should hold to every citizen of the Middle West. 

At the conclusion of the address, the meeting was given to 
an open discussion in which Mr. Gayton capably answered the 
questions of his audience. 

It was regularly moved and seconded that a written vote of 
thanks be sent to Mr. Gayton for his address. 


December 14, 1931. The usual dinner preceded the meeting of 
the Illinois Chapter, held at the Hotel Sherman, Chicago, where 
53 members and guests were in attendance. 

The meeting was called to order by Pres. J. J. Aeberly, who 
announced the following committee assignments: Better Relations 
Commission, H. G. Thomas, Chairman, R. B. Hayward and H. R. 
Linn; Membership Committee, C. W. DeLand, Chairman, G. H. 
Blanding and J. J. Haines; Leyislative Committee, H. M. Hart, 
Chairman, E. V. Hill and E. P. Heckel; Representative National 
Nominating Committee, A. B. Martin. 

President Aeberly then announced that the next question be- 
fore the Chapter was the adoption of the revised constitution and 
as he understood it there was some opposition to some of the 
clauses. He suggested a vote be taken on the revised constitu- 
tion as submitted and unless two-thirds of the votes were cast in 
favor of adoption there would be no necessity of submitting the 
proposed amendments. M. S. Good then explained that there 
were two changes suggested by A. V. Hutchinson, secretary of 
the Society, which the committee would like to have made. The 
changes were the omission of the word Associate in the third 
line of Section II Article 3 and the substitution of the words 
Publication Committee for the word Council in the fifth line of 
Section VI of Article 6. These changes, it was stated, were 
necessary to conform to the national Constitution. A vote was 
then taken and those in favor of adopting the constitution with 
the changes stated by Mr. Good were asked to raise their hands, 
and those opposed were asked to do the same. The count showed 
20 in favor and 8 against. 

J. F. Hale then took the floor and read the following resolu- 
tion: 

Since there is immediate danger that the personnel of the 
Division of Heating, Ventilation and Industrial Sanitation of the 
Department of Health of the City of Chicago will be materially 
reduced, and since such actions by the City Council of the City of 
Chicago will greatly hamper the heating and ventilating indus- 
try, be it 

Resolved: That the Legislative Committee of the Illinois 

Chapter of the AmMerIcAN Society oF HEATING AND VENTI- 

LATING ENGINEERS take prompt action to make known to the 
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responsible persons or parties of the City of Chicago, the 
protest of this Chapter against such actions, and be it further 

Resolved: That the Legislative Committee take such steps 
as it deems necessary to obtain the full support of other asso- 
ciations and groups within the heating and ventilating indus- 
try against this proposed move which, in our opinion, seems 
unwise and uneconomical at this time. 


Mr. Hale explained the emergency and moved that the Legis- 
lative Committee be instructed to prepare a resolution along these 
lines and present it to the proper authorities at the City Hall. 
R. E. Hattis seconded the motion. 

The situation confronting the personnel of the division was 
then discussed in general by A. H. Zimmerman of the division, 
and also by Dr. Hill, President Aeberly, Mr. Hart and Mr. 
Hattis. President Aeberly then called for a vote, the vote 
being unanimous in favor of the resolution. 

John Howatt was then introduced as technical chairman of the 
discussion of Code Making. Mr. Howatt in his preliminary re- 
marks gave the definition of a code and reasons for the develop- 
ments of codes and how public demand, future growth and future 
development in the art must be anticipated, and cited various 
codes drawn up by the A. S. M. E. and the A. S. H. V. E. 


The next speaker of the evening was Arnold H. Goetz, who 
stated that in other lines standard rather than specific require- 
ments were set up. For instance in the pure food field, food 
must be kept in a certain condition but no specific method is 
set up as to how those conditions must be maintained. 

S. R. Lewis, the first speaker for the specific requirements side, 
cited numerous state and other codes setting up specific require- 
ments and the manner in which they had worked out. 

Mr. Hart then read several codes in which specific require- 
ments were set up but which were in effect nullified by requiring 
certain standards to be met. 

J. A. Sutherland, explained various instances where on account 
of lack of information as to future occupancy it would be im- 
possible to install a system to meet standard requirements. 

Dr. Hill, the last speaker for the standard requirements, 
showed where the results to be obtained was really the vital 
question and the manner in which the engineer and contractor 
attained those results was immaterial. 

Mr. Hale then read the list of members of the Code Commit- 
tee of the A. S. H. V. E. and cited the fact that those eminent 
authorities had set up specific requirements in their code. 

After considerable discussion on this subject took place, Mr. 
Haines presented a protest signed by 14 members present saying 
that they had not understood that the vote on the revised consti- 
tution was for final adoption and wished their votes recorded as 
opposed to its adoption. President Aeberly ruled that the protest 
was too late and that the protesting members would either have 
to make their protest to the National Council or submit the 
changes they wanted as amendments and follow the procedure 
set down in the constitution. 


Ontario 


December 7, 1931. Forty members and guests gathered in 
the Grill Room of the Prince George Hotel for the regular 
meeting of the Ontario Chapter. 

W. R. Blackhall made a report on membership which was fol- 
lowed by an extended discussion. A special drive is being made 
to increase the membership of the Chapter. 

M. W. Shears was appointed to take charge of transportation 
arrangements for the members going to the Annual Meeting of 
the Society in Cleveland, January 25-29. 

The principal speaker of the evening was T. McDonald, who 
gave an illustrated talk on Automatic Temperature Control. Mr. 
McDonald was extended a vote of thanks by G. A. Playfair 01 
behalf of the Chapter. 

The meeting was then adjourned. 














February, 1932 


Philadelphia 


December 10, 1931. Pres. E. N. Sanbern called the meeting 
to order in the Auditorium of the Engineers Club. 

Following the reading of the minutes of the previous meeting, 
and the regular routine of business, on motion duly made and 
seconded, M. F. Blankin was elected as representative, and A. 
C. Edgar as alternate, to serve on the National Nominating Com- 
mittee for 1932. 

President Sanbern announced the appointment of the Auditing 
Committee as follows: A. A. Miller, A. C. Caldwell and J. H. 
Hucker. 

F. D. Mensing spoke briefly, requesting as large an attendance 
as possible representative of the Philadelphia Chapter at the 
Annual Meeting to be held in Cleveland, January 25 to 29, 1932. 

J. D. Cassell introduced the honored guest of the evening, W. 
H. Carrier, President of the Society, who in turn called upon 
A. V. Hutchinson, Secretary, who spoke briefly regarding the 
work that the Society has been carrying on, and outlined the 
events to take place at the Annual Meeting in Cleveland. 


President Carrier presented a most interesting talk, illustrated 
with slides, on the subject of Servicing the Human Power Plant, 
in which he likened the human body to a modern power plant. 
He explained how temperature affected and acted on the human 
body, and showed the necessity for proper ventilation at certain 
temperatures to produce the desired relative conditions. He also 
outlined methods for determining the amount of air required for 
proper ventilation, and the necessity and importance of proper 
air distribution. 

Several questions brought up by members were answered and 
discussed by President Carrier, after which the meeting was 
adjourned. 


Pittsburgh 


January 11, 1932. Pres. R. B. Stanger called the meeting of 
the Pittsburgh Chapter to order in McCann’s Dining Rooms with 
45 members and guests in attendance. 


A short business meeting was held at which the minutes of 
the last meeting were read and approved. 

E. C. Evans, chairman of the Membership Committee, spoke 
on membership in the Society and said that there were over 400 
men in the Pittsburgh district who should be members of the 


A. S. H. V. E. 


The chairman of the Program Committee, F. C. McIntosh, 
announced that he and his committee intended to work out inter- 
esting and worthwhile programs for the coming year. 


On this occasion the usual formal address was dispensed with 
and the members and guests enjoyed a smoker and get-together. 
All were supplied with large corn cob pipes, a wealth of rough 
cut, genuine Pittsburgh stogies and accessory smoking equipment 
and spent the latter part of the evening talking over the “situa- 
tion” with their friends. Several interesting reels of motion 
pictures were shown including a humorous reel on fishing and 
ee on Carbon Monoxide, issued by the United States Bureau of 
Mines. 


The party was adjourned at 10:00 p. m. 


Southern California 


January 11, 1932, A joint meeting of the Southern California 
Chapter of the A. S. H. V. E. and the American Society of 
Refrigerating Engineers was held at the Engineers’ Club with an 
attendance of 97. The meeting was under the direction of L. H. 
Polderman, chairman of the Program Committee, and was de- 
voted to the subject of Refrigeration. 

ihe meeting was divided into two sections and the following 
men discussed fundamental principles of refrigerating equipment, 
illustrating their talks with slides and diagrams. 
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J. Laichinger and W. E. Barnum spoke on CO, Reciprocating 
Refrigerating Equipment. 

M. M. Lawler and Chas. M. Barker discussed Methyl Chloride 
Rotary Machines. 

Ammonia and Methyl Chloride Reciprocating Rotary Machines 
was the subject of the talk of C. E. Kilgore. 

Louis R. Swenson spoke on Household Refrigeration. 

Centrifugal Refrigeration was explained by L. H. 
man and A. H. Simonds. Carrier Engineering Corp. 

At the next meeting of the Chapter to be held February 15 
the subject of Refrigeration will be continued. This meeting 
also promises to be very interesting and it is the hope of the 
Chapter that any Society members visiting in Southern Cali- 
fornia may be present to join in the discussions. 


Polder- 


St. Louis 


January 6, 1932. The St. Louis Chapter held a meeting, pre- 
ceded by a dinner, at the Roosevelt Hotel at which 33 members 
and guests were present. 

Pres. J. M. Foster called the meeting to order and the minutes 
of the previous meeting were read and approved. 

The chairman of the Membership Committee, G. A. 
read the applications of three new Limited Chapter Members an:l 


Helwig, 


welcomed them into the Chapter. 

L. Walter Moon, chairman of the Auditing Committee, stated 
that the books of the 1931 administration had been audited and 
approved and submitted the report. 

President Foster appointed C. A. Pickett to represent the St. 
Louis Chapter on the National Nominating Committee, with 
F. J. McMorran as alternate, and instructed the secretary to 
certify their names to the Secretary’s Office in New York. 

President Foster also appointed E. B. Langenberg as coun- 
sellor and C. A. Pickett as alternate to assisc J. M. 
chairman, and E. A. White, counsellor, for the Associated En 
gineering Society Committee and to represent the St. Louis 
Chapter of the A. S. H. V. E. 

Walter Kaiser advised the Chapter that the Council of the City 
of St. Louis is now drafting a new building code and that an 
excellent opportunity exists to endorse a ventilating code with 
an attempt to have such a code adopted by the City. A motion 
was made by Mr. Moon to appoint a code committee to study 
the various City and State codes and report their findings at the 
next Chapter meeting. The motion was carried and President 
Foster appointed the following committee: L. Walter Moon, 
chairman, S. G. Hallett, and J. W. Cooper. 


Foster, 


The meeting was then turned over to Paul Sodemann, chair- 
man of the Program Committee, who introduced Earl H. Beling, 
research engineer, Herman Nelson Corp., Moline, IIl. 


Mr. Beling addressed the Chapter on the subject of The New 
Science in Ventilation. He spoke briefly of the evolution of 
ventilation and then discussed the proper application of a modern 
ventilating system that would comply with the latest findings in 
the field of air conditioning research. The subject was very 
ably presented and heartily enjoyed by the members and guests 
present. Considerable discussion of the various theories pre- 
sented followed and Mr. Beling answered many questions from 
those in the audience. 


Archie Gordon, acoustical engineer, Hamilton Co., St. Louis, 
was then presented by Mr. Sodemann and gave a paper on 
Acoustics as Related to Heating and Ventilating. Mr. Gordon's 
subject was comparatively new to the membership and pertained 
to the isolation and elimination of several varieties of noises 
that occur in a ventilating system. Upon completion of the 
paper, the discussion indicated that the members had received 
both pleasure and benefit from the presentation of this subject. 

A vote of thanks was given to Messrs. Beling and Gordon for 
appearing before the meeting and presenting such interesting and 
instructive talks. 
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The A. S. H. V. E. Guide 1932 


The 10th annual edition of Tue Gutpe published by the Amer- 
iCAN Society OF HEATING AND VENTILATING ENGINEERS, 51 
Madison Avenue, New York, N. Y., is just off the press. It 
appears in an entirely new binding—a light blue, flexible cover. 
Forty chapters of up-to-the-minute design and installation data 
on heating, ventilating and air conditioning, plus more than 300 
pages of manufacturers’ catalog data—amplified and revised to 
keep pace with important developments—have been recorded in 
this edition of Tue Guupe. 

The outstanding features of THe Guine 1932 are as follows: 


1. An increase in the number of chapters. 

2. Approximately 50% new subject matter. 

3. Every chapter revised or rewritten. 

4. New grouping of subjects. 

5. More extensive cross indexing to assist the user in locating 


needed specific information. 





Chapter 1 contains an authoritative glossary and is intended 
to interpret the terms used in the Text Section. It is hoped 
that these definitions will serve to eliminate much of the con- 
fusion now existing concerning the lexicography of the heating 
and ventilating engineer. Comprehensive information on con- 
cealed heating units is given in a new chapter entitled Gravity 
Convectors. The Hot Water Heating chapter is entirely new 
and includes the latest results of researches on this subject. 
Information on devices for handling condensate and air is given 
in Chapter 10, whereas practical data on hot and cold water 
requirements of buildings, and the sizing of pipes therefor, will 
be found in Chapter 13. 

The chapter on Pipe Insulation contains useful tables for 
quickly estimating the heat loss from pipes of various diameters 
covered with various thicknesses of insulation under a wide range 
of conditions. Entirely new information is included in the chap- 
ters on Draft and Chimneys, Mechanical Stokers, and Automatic 
Temperature Control. The subject of fuels has been expanded 
and valuable data on fuel requirements included. Many changes 
in the presentation of the subjects of ventilation and air condi- 
tioning have been necessary in order to incorporate the results 
of the latest research investigations. A distinction between ven- 
tilation and air conditioning has been made in the classification 
of the subject matter. Four chapters dealing with ventilation, 


and five dealing with air conditioning, have been included. 








Air Conditioning 
Section 


Chapter 36, Unit Ventilators, and Chapter 37, Unit Air Con- 
ditioners, are new and, with the exception of a small amount of 
previously published information, Chapters 38, 39 and 40 are 
new. 

It is hoped that engineers, architects, contractors and others 
who use Tue Guipe 1932 will find in the 552 pages of technical 
data adequate information to solve the problems that arise in 
daily practice. 

Modern equipment for practically any heating and ventilating 
service can be selected from the Catalog Data Section. Details 
of descriptions, sizes, capacities and dimensions are an invaluable 
supplement to the facts given in the Text Section. The manu- 
facturers who make a careful and complete presentation give 
essential facts and figures on their specific products thereby 
amplifying the text. This unique method effectively covering 
both practice and equipment in a thorough and authoritative man 
ner has gained for THe Guipe worldwide recognition and accep- 
tance as the standard reference work on heating and ventilating. 
—956 pages, flexible cloth—single copies $5.00. 


Death of James H. Davis 


On January 5, 1932, James H. Davis, one of the Society’s 
Charter Members and also a Life Member, passed away in his 
79th year. He had been a member of the Society since its organi- 
zation in 1895, and served on many of its Committees and on the 
Council. He was one of the most active members in the estab- 
lishment of the Society’s Research Laboratory and continued his 
interest in this branch of the Society’s activities throughout the 
active years of his life. 

In his long and useful career Mr. Davis served in many 
branches of the heating and ventilating profession and was widely 
known and held in high esteem among his fellow engineers. 

On October 12, 1853, James H. Davis was born at Oswego, 
N. Y., and after receiving his schooling entered the steam heating 
business as an apprentice with Baker Smith & Co., Chicago. He 
was with this company from 1878 to 1890, serving successfully 
as estimator, designer, superintundent and secretary, and was 
familiar with all the operations of designing and erecting steam 
and hot-water heating and ventilating plants. 

Later he served with several heating contracting firms, F. W. 
Lamb & Co., Chicago, Missouri Steam Heating Co., St. Louis, 
and the American Heating Co., St. Louis. 

During his many years of service with both Warren-Webster 
Co. and American Radiator Co. he witnessed the growth of 
Chicago, and supervised the design and installation of heating 
and ventilating plants in many famous old buildings such as the 
original Palmer House, the Pullraan Building, Chamber of Com- 
merce and a score of others. 

Most of his business life was spent in Chicago and since his 
retirement from active work he has remained in the city. 

He is survived by his widow, Emily E. Davis, and a son, 
Richard J., and a daughter, E. Olive Davis, to whom the Officers 
and Council of the Society extend their sincere sympathy for the 
loss they have sustained. 

At Mr. Davis’ funeral the Society was represented by its Past- 
President, John F. Hale, Chicago, and at the meeting of the 
Local Chapter, of which Mr. Davis was a Charter Member, ap- 
propriate resolutions on his death were adopted. 
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Heating and Ventilating Course 
at N. Y. U. 


A certificate evening course in heating and ventilation is given 
at New York University. This course is designed to supplement 
the practical experience of those now employed in the design, 
erection and operation of heating and ventilating installations, 
as well as to prepare those who are about to enter this field. It 
includes heating systems; chemistry of air, water, metals, and 
fuels with laboratory practice; theory of heat with laboratory 
work; principles of heating and ventilating design; applications 
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of heating and ventilating design; heating and ventilating test- 
ing; estimating principles and commercial practices; and me- 
chanical and electrical equipment of buildings. 

The curriculum is under the direction of an advisory commit- 
tee consisting of A. A. Adler, W. H. Carrier, W. H. Driscoll, 
W. L. Durand, W. W. Hubbard, H. C. Meyer, Jr., T. S. Tenney 
and C. M. Wooley. 
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The first session of the first term of each certificate class 
is held on a scheduled evening during the second week after 
Labor Day week. The first session of the second term is held 
on its scheduled evening during the first week of February. 
Preparation equivalent to high-school graduation is required for 
certificate courses. Students with less preparation may be ad- 
mitted provided they have sufficient maturity of experience. 





CANDIDATES FOR MEMBERSHIP 








The Constitution of the Society, as now amended, requires the following mode of procedure in voting on applicants for mem- 
bership in the Society. All applications for membership are to be sent to the Secretary and the names of applicants and their refer- 
ences shall be printed in the next issue of the JourNAL of the Society or sent to the members in other approved manner as ordered 
by the Council. When replies are received from references, the Candidate’s application shall be submitted to and acted upon by the 
Membership Committee as soon as possible. 

When the Membership Committee has acted favorably upon a Candidate’s application and assigned his grade, the Council shall 
vote upon the election of the proposed Candidate for membership by letter ballot. During the past month 8 applications for mem- 
bership have been received and the names of these men and their sponsors are published in the following list. 

Members are requested to scrutinize the list with care. The Membership Committee, and in turn the Council, urge the mem- 
bers to assume their share of the responsibility of receiving these candidates into membership by advising the Secretary promptly 
of any whose eligibility for membership is in any way questioned. 

All correspondence in regard to such matters is strictly confidential, and is solely for the good of the Society, which it is the 
duty of every member to promote. 

Unless objection is made by some members by February 15, 1932, these candidates will be balloted upon by the Council. Those 
elected to membership will be notified by the Secretary immediately after election. 


CANDIDATES REFERENCES 





Proposers 
C. W. Wheeler 
H. E. Digby 


H. W. Hochuli 


3LACK, WILLIAM BocArpus, Salesman and Engineer, Bryant 
Gas Heating, Inc., Pittsburgh, Pa. 

Fenton, FrepericK A., Asst. Br. Mgr., Richardson & Boynton 
Co., New York, N. Y. L. G. Paulding 

KeeLer, ANSON Howarp, Sales Engr., Vento & Arcoblast Dept., H. G. Kreissl 
American Radiator Co., Philadelphia, Pa. H. R. Linn 

Paut, Donatp Irwin, Gurney Foundry Co., Toronto, Ont., W. R. Blackhall 
Canada. G. T. Wilson 


Rep, Hersert F., Partner, Reid-Graff Co., Muskegon Heights, W. W. Bradfield 


Mich. O. D. Marshall 
Rockwe.Lt, THeopore F., Instr., Carnegie Institute of Tech- F. B. Rowley 
nology, Pittsburgh, Pa. A. B. Algren 


W. R. Blackhall 
S. J. Brooks 


J. F. Johnston, Jr. 


Watpon, CHartes DENCHFIELD, Sales Mgr., Spencer Foundry 
Co., Ltd., Toronto, Ont., Canada. 


Watsu, Cuirrorp J., Johnston Bros., Inc., Ferrysburg, Mich. 


Seconders 
H. G. Bucher 
D, J. Rank 
H. R. Dillon 
R. C. Willis 
C. H. Quirk 
Harvey Rettew 
A. W. Wilson 
William Philip 
D. L. Taze 
P. J. Busch 


J. L. Blackshaw 


F. C. Houghten 
William Philip 
G. E. Cole 

P. J. Busch 


N. F. Yonkman—Non-Member D. L. Taze 


Candidates Elected 


In past issues of the JourNAL of the Society the names of the following men were listed as Candidates for Membership. The 
membership grade of each Candidate has been assigned by the Membership Committee and balloted upon by the Council. 
now instructed by the Council to post herewith, as required by Art. II, Sec. VIII, of the By-Laws, the following list of candidates 


elected : 


MEMBERS 


Downs, Sewett Henry, Chief Engineer, Clarage Fan Co., Kala- Arnotp, Epwarp Y., 


mazoo, Mich. 
Huit, Harry Brair, Frigidaire Corp., Dayton, Ohio. 
Reiy, Henry P., Universal Atlas Cement Co., Chicago, Ill. (Ad- 


vancement ) 


N. J. (Reinstatement) 





ASSOCIATES 
Secretary-Manager, Heating and Piping 
Contractors St. Paul Assn., St. Paul, Minn. 
CHRISTENSON, Harry, Heating Superintendent, Hunter Prell 
Co., Battle Creek, Mich. 
McDonatp, Tuomas, Canadian Manager, Minneapolis-Honey- 
, well Regulator Co., Toronto, Ont., Canada 
Vocetgacn, Oscar, Chief Engineer, Guilbert & Betelle, Newark, NicuHtrncAte, Georce F., Contract Sales Megr., Hart & Cooley 
Mfg. Co., Chicago, Il. 
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EDITORIALS 





» » 


There is little doubt that the pip- 
ing of an industrial or power plant too often receives 
the least consideration of the major items involved. 
Piping forms the connecting links in the chain of ap- 
paratus that turns out the product—whatever it may be. 
If the links are not properly installed or not properly 
taken care of after installation, the chances for serious 
troubles are ever-present. 

The selection and installation of the producing ap- 
paratus invariably receives a great deal of careful con- 
sideration. However, this equipment cannot operate 
economically and efficiently if the piping connections 
are not properly installed. It is never good practice 
to purchase cheap piping material or cheap piping 
service. The designing engineer does well to remem- 
ber that the competence of the piping contractor should 
be a major consideration when installing a piping 
job. The operating engineer is concerned with the 
piping being installed so that maintenance will be a 
minimum. The cost of steam leaks, radiation losses 
due to broken covering, improper flow due to poor 
design, etc., run into appalling figures, and careful 
maintenance, which is facilitated by proper installa- 
tion, should never be disregarded. 

We are now in a period which calls for the highest 
efficiency in operation. Some plants are inclined to 
make the serious mistake of neglecting maintenance 
of the piping systems. This is surely false economy. 
It would seem that the proper thing to do would be to 
keep the plant, particularly the piping, in first-class 


condition. 


» » 
zines are devoting an increasing amount of space every 
day, it seems, to the subject of air conditioning for 
human comfort and health. Articles addressed to the 
general public stress the benefits of comfortable and 
healthful air; the financial pages are concerned mainly 
with the effect the expected development of air con- 
ditioning equipment and systems will have on our busi- 
ness activity; many of these articles are of particular 
interest to management and to landlords, as they point 
out what air conditioning means to efficiency and to 
securing and keeping tenants. 

The air conditioning engineer, trained as he must 


Newspapers and general maga- 





be in the technical aspects of the air conditioning prob- 
lem, may be inclined to look upon some of these articles 
with disfavor, as frequently an incomplete—or even in- 
correct—comprehension of the subject is indicated. 
It would seem, however, that slight technical inac- 
curacies in air conditioning articles in general publica- 
tions, which are of course addressed to the layman, 
should not impair the value of this publicity. 

When the general public realizes fully what air 
conditioning can do in providing comfort and health, 
demand for it is bound to increase. A survey of gen- 
eral publications and newspapers would indicate that 
this fuller realization is being rapidly developed. 


» » “I am often asked the question, 
‘What should be and what should not be stand- 
ardized?’”’ says P. G. Agnew of the American Stand- 
ards Association. “My standard answer is, that 
standardization should be applied only to those 
fields in which it can fill a real human need. In 
industry and in technology standardization should 
be applied only to those things in which its ap- 
plication will result in an economy of human effort 
or in an economy of materials. We should not stand- 
ardize anything merely for the sake of uniformity 
that is deadening.” 

Seen from this view-point, standardization becomes 
a dynamic industrial tool. Consider, for example, its 
application to heating, piping and air conditioning. The 
industry as we know it today has been made possible to 
a large extent by standardization. Just as words and 
letters are the bricks out of which languages and 
literatures are constructed, so the industry in its present 
form owes its existence to such standards and units as 
pipe, pipe threads, valves, tees, and unions, and to 
scores of other standard parts and materials that have 
been created in the course of its development. 

Sound standardization wisely carried out in an) 
of the numerous fields to which it is applicable is 4 
means of furthering and of serving the results oi 
pioneering research and development in technology, in 
dustry, and business. It is more. It is, in a sense, : 
liberator, since it reduces industrial advances to tli 
field of routine, thereby clearing the way for furthe: 


progress in research and development. «x « 














Unloading 
Oil From 
Tank Cars 





W. H. Wilson’s Monthly 
Discussion of the Problems 
He Meets From Day-to-Day 


Unloading Oil Car with Defective Valve: Occasionally 
oil tank cars are received with defective valves on the 
unloading nozzles and the contents of the car cannot be 
unloaded in the usual manner. It is not always con- 
venient to pump out the contents through the opening 
in the dome on the top of the car. The writer used the 
following method a few days ago. 

fig. 1 shows the location of the unloading nozzle A 
which is equipped with a cap C that is normally screwed 
on tight. Such a cap is generally provided with a 2-in. 


pipe thread tapping in the bottom, and a plug. 
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Practical 
Piping 
Problems 


Procure a 2-in. angle valve D and remove its stem and 
disc. Take a rod E of approximately the same diameter 
as the stem and insert it in the valve by passing it 
through the packing box. Remove the 2-in. plug and 
push the rod up in the unloading nozzle. Attach the 
angle valve to the opening in the bottom of the cap by a 
close pipe nipple. The length of the rod should be the 
length of the unloading nozzle, plus the distance the cap 
projects below the nozzle, the length of the exposed part 
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of the pipe nipple and the length of the angle valve from 
the inlet end to the end of the packing box. In the 
case illustrated, the length of the rod was 40 inches. 

It is usually necessary to make a hole in the ground 
between the ties of the track in order to get enough 
room to insert this rod in its proper position. By using 
a close pipe nipp'e and an angle valve of a short pat- 
tern the rod can be put in place conveniently. In case 
it is not convenient to get this room below the ground 
level, the rod can be made in two pieces. 

Install a 2-in. pipe from the side opening of the angle 
valve to the oil storage tank. By using an elbow, as 
shown at G, the pipe line can be inclined downward or 
more easily adjusted for the required unloading position. 

When ready to unload, tighten the packing box of the 
valve around the rod, open the dome cover on the top of 
the car and force the rod upward until the oil valve B 
is raised from its seat the distance required for full 
flow and block up the lower end of this rod so it will 
remain in this position. 

A gate valve is placed in the oil line at F in case it is 
necessary to stop the flow of oil. When unloading is 
completed the angle valve can be removed, the stem and 
dise replaced and the valve used for any of its usual re- 
quirements. 

Steam Heater for Oil Car Unloading Noszsle: Heat is 
required for the unloading of tank cars containing heavy 
oils. In case these cars are not equipped with heater 
pipes, a two-section pipe coil can be inserted through 
the dome opening on top of the 
car, or the following arrangement 
can be inserted in the unloading 
nozzle. 

Fig. 2 shows the location of the 
unloading nozzle /, the unloading : 
hose M, and the elbow N. 

By welding in a nipple with a 
union connection and packing box, ' 
as shown at P, the tube K can be | 
inserted through this opening and 
extended in the unloading nozz'e. 

| 
; 
| 
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This tube, which can be a 1%- 
in. pipe, is closed on the upper end 
by welding. The lower end is 
equipped with a tee R. A 34-in. 
pipe L is inserted through the tee 













Mig. 2—STEAM HEATER 
FOR Orn CAR UNLOADING 
NoOzZZ.Lt 


up through the 1’%-in. pipe, terminating near the top 
with an open Where the 
through the bushing at the lower end of the tee (Q) this 
joint may be made by welding. 

Steam is admitted at S and passes up through the 
34-in. pipe; it flows back and downward with the con- 
densation through the 1%-in. pipe, passing out the side 
opening of the tee O where a suitable steam trap may be 
installed. 

The effective heating surface of this arrangement de- 


end. 44-in. pipe passes 
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pends on the length of the heating pipe in the unloading 
nozzle, which should extend into the nozzle as far as 
possible. 





Recent Trade Literature 


Conveying: The Brady Conveyors Corporation, 20 W. 
Jackson Blvd., Chicago, IIl.; 12-page booklet giving gen- 
eral descriptions of pneumatic pressure and suction sys- 
tems, car and boat unloaders and loaders, portable pneu- 
matic systems, ash handling systems, lime unloaders for 
water plants, marine legs and dust collectors. 

Heating Specialties: Sarco Company, Inc., 183 Mad- 
ison ave., New York City; 16-page catalog illustrating 
and describing typical vacuum and vapor heating systems 
and describing thermostatic specialties such as radiator 
traps, packless valves, receivers, air eliminators, etc. 

Heating Systems: Warren Webster & Company, 
Camden, N. J.; 20-page booklet describing the operation 
of vacuum heating systems with metering orifices and 
without orifices and gravity two-pipe steam systems with 
and without orifices. Control, zoning, flexibility, etc., are 
discussed and the necessary equipment is described in 
detail, with typical specifications. 

Materials Handling: Link-Belt Company, 910 S. Mich- 
igan ave., Chicago, IIl.; calendar i'lustrating coal and 
ash, sand and gravel, etc., handling systems and drives 
for power transmission. 

Motors: Westinghouse Electric & Manufacturing 
Company, Nuttall Works, Pittsburgh, Pa.; four-page 
data sheet describing speed reducers combined with in- 
duction motors (% to 15 hp., 69 to 1550 r.p.m.) and 
discussing applications, construction, output speeds, etc., 
and giving dimensions and a table of engineering infor- 
mation. 

Separators: The Leavitt Machine Co., Orange, Mass. ; 
six-page folder describing automatic separators for re- 
moving oil and water from compressed air lines; one 
type where pressure regulation is not necessary and 
one used when pressure regulation is needed, as in spray 
painting. Also a folder describing construction and ap- 
plications of receiver drains; price lists are given. 

Stokers: Holcomb & Hoke Mfg. Co., Indianapolis, 
Ind.; reprint describing the function of the hopper gas 
eliminatér, which also maintains a balanced draft con- 
dition. 

Unit Heaters: The Herman Nelson Corporation, Mo- 
line, Illinois ; 48-page catalog describing and illustrating 
the features of construction of suspended type unit 
heaters for industrial and commercial buildings, ware- 
houses, etc. Dimensions, capacity tables, recirculating 
ducts, high pressure steam, control, piping suggestions. 
wiring information, specifications, etc., are among the 
topics presented. 

Vacuum Cleaners: Arco Vacuum Corporation, Divi- 
sion of American Radiator Company, 40 W. 40th st.., 
New York City; four-page bulletin giving specifications. 
price and description of portable industrial type vacuum 
cleaners equipped with 1%-hp. motors. 

Welding Equipment: Air Reduction Sales Company. 
Lincoln Building, New York City; 26-page pocket-size 
catalog listing specifications and illustrating welding and 
cutting torches, regulators, cylinder trucks, hose con 
nections, etc. Mechanical'y-operated machines for cut 
ting are also described. 
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EXPERIENCED ENGINEERS AVAILABLE 


H-(1) Engineer with 11 years experience in heat- 
ing, ventilation, dust collecting and process 
piping. Capable of designing and installing 
mechanical equipment. 

H-(2) Draftsman, estimator and engineer able to 
design layouts for all kinds of central heat- 
ing, ventilating and plumbing work. 

H-(3) Sales engineer, college graduate, with ex* 
perience in eastern cities which included 
design and specification of heating plants. 


H-(4) Estimator with wide acquaintance in metro- 
politan district among architects, engineers 
and contractors. 


H-(5) Sales engineer of wide experience in design- 
ing and supervising installation of heating 
systems. Desires connection with manu- 
facturer of heating specialties. 

H-(6) Mechanical engineer, college trained, with 
experience in air conditioning and heating 
and ventilating research work. Capable of 
designing, estimating and supervising all 
details of installation. 

H-(7) Heating engineer and estimator capable of 
designing, estimating, purchasing and super- 
intending heating, ventilating and power 
equipment. 

H-(8) Mechanical engineer and draftsman who 
has specialized in plumbing, heating and 
electric layouts. Experience with consulting 
engineers and architects. 

H-(9) Engineer with extensive experience in heat- 
ing, covering, designing, estimating, purchas- 
ing, selling, supervising mechanical installations 
and with ability to take charge of jobs re- 
quiring handling of large groups of men. 

H-(10) College graduate of wide engineering ex- 
perience in heating, air conditioning, plumb- 
ing, refrigeration and electrical work. 

H-(11) Manufacturers agent in middle west with 
practical engineering experience desires to 
represent makes of heating, ventilating and 
air conditioning equipment. 

H-(12) Graduate engineer of diversified engineer- 
ing experience in power, heating, ventilating, 
and sanitation, designing, specifying equip- 
ment, and supervising installations. Desires 
connection in architect's, engineer's or con- 
tractor’s office. 

H-(13) Engineer with extensive experience in heat- 
ing profession including estimating, pur- 
chasing, designing and supervising installa- 
tion of heating, ventilation, plumbing, elec- 
trical work and other mechanical equipment 
for nearly every type of building. 

H-(14) Sales engineer with wide experience in fan 
and warm air heating field. Capable of 
layout and supervising installations. 

H-(15) Registered engineer with splendid experi- 
ence in heating, ventilating, air conditioning, re- 
frigeration, power and piping. Has been in re- 

sponsible charge of work in office and on the job. 

H-(16) Heating and ventilating engineer, college 
graduate, with good experience in middle 


west in designing, making layouts, and 
supervision of installations of central station 
heating systems, ventilating, air condition- 
ing, plumbing and piping systems. 

H-(17) Engineer and estimator capable of making 
layouts for all types of mechanical equipment 
of buildings. Experience with consulting 
engineers, heating, ventilating and plumbing 
contractors and industrial builders. Has 
been in responsible charge. 

H-(18) Heating and sanitary engineer with exper- 
ience in heating, ventilating and plumbing 
field. Desires position as estimator, purchas- 
ing agent or construction superintendent in 
middle west. 

H-(19) Sales engineer with ten years experience 
selling heating, ventilating. and air condi- 
tioning equipment. Familiar with. eastern 
and middle western territories. 

H-(20) Heating and ventilating engineer of wide 
experience and good reputation as engineer 
and estimator. Has held responsible positions 
in charge of heating and ventilating work 
and construction departments. 

H-(21) Engineer with considerable experience as 
estimator, purchaser and general manager for 
heating, ventilating and plumbing contractors. 

H-(22) Mechanical engineer and draftsman. Uni- 
versity graduate. Capable of designing, 
specifying and pyrchasing equipment; super- 
vising installations,“collections and general 
control of contracts and office management. 

H-(23) Estimating and designing engineer capable 
of making layouts for heating and ventilat- 
ing equipment. Experience in consulting 
engineers and architects offices. Also two 
years as sales engineer. 

H-(24) Draftsman with twelve years experience 
making jig and fixture, heating and ventilat- 
ing and piping layouts. 

H-(25) Sales engineer with good acquaintance in 
metropolitan district and vicinity among 
heating supply contractors and jobbers, 
building owners and architects. 

H-(26) Mechanical - Electrical engineer, univer- 
sity graduate, well qualified for research and 
design work in heating, ventilating and air 
conditioning field. Experienced sales engineer. 

H-(27) Estimating, designing and sales engineer, 
college graduate. Experience with manufac- 
turers of heating systems, heating specialties 
and consulting engineer. 

H-(28) Mechanical draftsman and designer. Has 
specialized in designing of special machinery 
and heating and ventilating equipment. 

H-(29) Graduate mechanical engineer. More than 
ten years experience in drafting and specif y- 
ing heating and ventilating equipment. 

H-(30) Engineer, college graduate, of extensive ex- 
perience with contractor and jobbers of 
building materials, plumbing and heating 
supplies. 


For further information address all inquiries to EMPLOYMENT SERVICE 
AMERICAN SOCIETY OF HEATING & VENTILATING ENGINEERS 


51 Madison Avenue, New York, N. Y. 
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A typical Trane Extended Surface Heating Element 


Industrial ovens 
heated with Trane 
Extended Surface 
Elements. Arrow 
shows position of 
heating units. 
















Sectional view through header 
of Trane Extended Surface 
Unit. Note the cut open tube 
showing construction — integral 
fit of extended fins to tube and 
orifice distribution bushing. 


More Efficient Heat Transfer 


with Trane Extended Surface Element 


Trane element finds widespread 
use for heating, cooling and air-con- 
ditioning applications in industry. 


TRANE EXTENDED SURFACE is not only highly 
efficient in heat transfer, but its extreme flexibility in 
arrangement for securing capacities to meet definite 
requirements, has met with a great deal of approval 
from the architectural and engineering profession. 

This is due to the fact that the construction of the 
element permits the banking of units in extremely 
small spaces to increase the capacity. Trane construc- 
tion also permits the consolidation of tworows of prime 
surface tubes in one header, which reduces manufac- 
turing and installation costs. On such consolidations, 
the extended fin surface is one uninterrupted piece, 
which provides very efficient heat transfer. 

Thesame featuresof Trane Extended Surface which 
have made itsopopularforuse inthe heating and ventilat- 


TR 


UNIT 


ing field have also developed a strong following for itin 
the process and industrial industries. Send for further 
information and catalogs. Trane Co., Dept. 2, 
212 Cameron Ave., La Crosse, Wis. 








A Few Applications of 
Trane Extended Surface Heaters 


Air or Gas Heating: Using steam, water, or other fluid 
for air heating required for: Ventilation; Hot Blast 
Heating; Drying. 

Air or Gas Cooling: Using water, brine or direct ex- 
pansion refrigerants for: Air Conditioning; Dehu- 
midifying ; Generator Coolers; Rectifier Cooler; 
Other Electrical Apparatus. 

Water or Liquid Cooling: Diesel Engines; Radio 
Transmitters; Gasoline Engines; Gas Electric 
Locomotives, Refrigeration. 

Condensors: Air Cooled for Refrigeration; Air and 
Water for Refrigeration; Chlorine and other 
Chemicals; Solvent Recovery Systems; Steam. 
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The air conditioning system in 
the New York Curb Exchange 
building is arranged in such manner 
as to enable economies by careful 
operation. For instance, the trading 
floor system is in use until 3 p. m., 
while the clearing house system may 
be required to be in operation until 





late in the evening; a cold water 
storage tank is therefore provided 
to furnish cold water for the clear- 
ing house equipment after 3 p. m. 
This eliminates the necessity of 
operating the refrigeration machine 
at a light load and consequent low 
efficiency. 

Chester L. Nelson has described 
the conditioning equipment for this 
building in our lead-off article; the 
trading floor in the Exchange is one 
of the largest in the country. 


Many of the speakers at the air 
conditioning conference to be held 
at Case School of Applied Science 
this month are well-known to the 
readers of HEATING, PIPING AND 
Ar Conpitioninc. A number of 
interesting-looking papers are to be 
presented, and the sessions are plan- 
ned to cover principles of air con- 
ditioning, the unit processes and 
their control, health and comfort, 
and applications and economics. 

The conferences, which are spon- 
sored by Case and the Cleveland 
Engineering Society, are designed 
to afford the engineer a means of 
continuing his education. W. E. 
Wickenden, president of Case, sum- 
med up the need of the engineer 


for continually keeping in touch with 
new processes and developments in 
his opening remarks at a previous 
meeting. These are quoted in the 
editorial in this issue. 


A mile-long underground line for 
conveying steam for process and 
power has been constructed by the 
Indianapolis Power & Light Co. to 
supply the Eli Lilly Company; a 
ten-year contract recently signed 
provides that steam (65,000 lb. per 
hr.) is to be delivered at 175 Ib. 
and 100 F superheat. 
will be used to generate electricity 
at the plant which will be fed into 
the utility’s lines, the exhaust steam 
being used for process work. The 
construction of this line—the first 
of record required to deliver steam 
at 100 F superheat a mile from the 
boilers—is described by Robert L. 
Fitzgerald in this issue. 


The steam 


Direct-fired gas heaters are find- 
ing wider application in many lo- 
calities; in this issue Platte Over- 
direct-fired 
heater for the offices of an indus- 


ton shows how the 


trial plant was selected and how the 
system was designed. Summer cool- 
ing is provided by passing city water 
through two sections of coils in the 
duct; in winter, the air is humidi- 
fied. 


« 





E. H. deConingh wrote a letter 
to us last month from which we 
hasten to quote. “I do not know of 
any other technical journal among 
the many we receive,” says Mr. 
deConingh, “which covers a field in 
as thorough and readable manner 
as does HEATING, PIPING AND AIR 
CONDITIONING.” 





boiler. 





WATCH FOR THESE NEXT MONTH 


John J. Harman writes on testing methods for pipe 
joints in high pressure steam lines in the April num- 
ber. A logarithmic chart showing turning moments 
required to produce various unit stresses in bolts of 
different sizes is of particular interest. 


The third installment of Sabin Crocker's “Selecting 
the Right Size Heating Boiler” will be published in 
April. It discusses grate area and fuel burning 
rate, combustion space in furnace, type of heat 
liberation and the effect of these on sizing the 


Malcolm Tomlinson has prepared a paper on cal- 
culations for drying which you'll find in next month's 
issue. Practical examples and charts make it of great 
value. 
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CLARAGE 


UNIT EQUIPMENT 


Whether your problem is heating, cooling or complete air conditioning—large or small job— 
this Clarage Unit Equipment is adaptable to your needs, and it offers both the advantage of 


improved performance and reduced cost. 

















for HEATING 


LARAGE Unitherm Unit Heaters are a satisfactory 
and economical answer to any industrial heating 
requirement. Equipped with centrifugal fans, a Uni- 
therm discharges heated air at high velocity. The result 
is uniform heating throughout the working zone—positive 
heating over wide areas. This greater efficiency pro- 
vides comfortable temperatures with fewer units, less 
piping and fittings—a marked saving in cost. All work- 
ing parts are readily accessible. The heating coil is good 
for pressures up to 200 pounds. The fans operate quietly. 
Write for Bulletin 81. 


for COOLING 


LARAGE Unitherm Coolers will produce any low 
temperature desired, using brine or any direct 
expansion refrigerant. They are recommended for food, 
fur and other storage plants, for space cooling in process 
work, etc. The cool air, discharged at high velocity by 
centrifugal fans, quickly diffuses throughout the room. 
Thus a constant temperature is maintained at low cost. 
A Unitherm Cooler can be quickly installed with mini- 
mum piping and connections, saving labor and materials 
and eliminating costly wall coils or bunkers. All working 
parts are accessible. Write for Bulletin 77. 


for HUMIDITY CONTROL 


LARAGE Unit Air Conditioners control moisture 

content as well as temperature—provide complete 
air conditioning. They will humidify or dehumidify as 
required, and have proved their economy in printing 
plants, paper, board and textile mills, chemical plants, 
warehouses, bakeries, laboratories, in tobacco factories, 
etc. A single unit will perfectly condition the air in one 
room or small department—a battery of units will 
handle an entire building. A Clarage Unit Conditioner 
eliminates a costly distribution system, offers greater 
flexibility, and invariably produces better results at a 
decided saving. Write for Bulletin 76. 




































UNITHERM UNIT HEATER 
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UNIT AIR CONDITIONER 


CLARAGE FAN COMPANY 


KALAMAZOO, MICHIGAN Sales Engineering Offices in 32 Cities 
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...gives you more 
for your heating 


pump dollar 


Today, more than ever before, 
dollar value is the first requisite of 
any piece of equipment. There is 
value without equal in Jennings 
Vacuum Heating Pumps. 


These pumps are noted for their 
generous air and water capaci- 
ties. If you buy pumping instead 
of a pump, your dollar invested 











in a Jennings will actually pur- 
chase the removal of more air and 
more water from the system in a 
given time. 


Operating and maintenance costs, 
too, are less for Jennings Pumps. 
These efficient units consume less 
power; require less attention. They 
often serve 10 and 15 years 
without repairs or replace- 
ments of any kind. 


When it comes to select- 
ing a pump by ratings in 
square feet of radiation 
bear this in mind. You 
should also insist on a min- 


Jennings 








JENNINGS SCORES FIRST 


on Every Count 


imum power consumption and a 
definite air and water capacity in 
a given time. Then you will find 
that there’s a Jennings Heating 
Pump to handle your job at a low- 
er first cost. 


BOOKLET DISCUSSES SELECTION 
OF VACUUM HEATING PUMPS 


A new booklet, dealing 
with this problem in detail 
will be sent, on request, 
to anyone interested in ob- 
taining more for his heating 
pump dollar. 


NASH ENGINEERING COMPANY, 71 WILSON ROAD, SOUTH NORWALK, CONN. 











Jennings Pumps ¢ 





